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This  r e p o r t  p r e s e n t s  t h e  resul ts  of a d d i t i o n a l  work on t h e  Lunar Penetrometer  
System (LPS) conducted by Aeronutronic f o r  t h e  Langley Research Center ,  
Na t iona l  Aeronaut ics  and Space Adminis t ra t ion,  under Cont rac t  No. NAS1-4923. 
This  r epor t ed  e f f o r t  covered t h e  per iod from 15 March t o  13 May 1966. The 
e f f o r t  was accomplished i n  accordance wi th  a work s ta tement  spec i fy ing  fou r  
t e c h n i c a l  t a s k s  which we.re ex tens ions  of  t h e  work performed dur ing  t h e  p r i o r  
y e a r  under t h e  i n i t i a l  LPS program. 
The f i r s t  t a s k  was a pre l iminary  s tudy  of  t h e  a p p l i c a t i o n  of  t h e  developed 
penetrometers  as  sounding devices  f o r  a landing  Apollo LEM. Two t a s k s  were 
concerned wi th  a con t inua t ion  of LEM pad impact t e s t i n g  and d a t a  a n a l y s i s .  
The o t h e r  t a s k  involved f u r t h e r  development and eva lua t ion  of t h e  p ro to type  
penet rometers  b u i l t  i n  t h e  i n i t i a l  program. This  r e p o r t  p r e s e n t s  t h e  ana- 
l y t i c a l  and conceptua l  des ign  study r e s u l t s ,  p r e l i m i n a r y  f u n c t i o n a l  speci-  
f i c a t i o n s ,  t es t  r e s u l t s ,  test  r e s u l t  e v a l u a t i o n s ,  and redes ign  e v a l u a t i o n s  
obta ined  i n  t h e s e  a c t i v i t i e s .  
Many of  t h e  s u b j e c t s  d i scussed  i n  t h i s  r e p o r t  are b e s t  understood by 
r e f e r e n c e  t o  t h e  two f i n a l  r e p o r t  volumes of t h e  i n i t i a l  c o n t r a c t u a l  work, 
i . e . ,  Aeronutronic  Pub l i ca t ion  No. U-3556, "Fina l  Report  - Research, 
Development, and Pre l iminary  Design f o r  t h e  Lunar Penetrometer  System 
Appl icable  t o  t h e  Apollo Program," and P u b l i c a t i o n  No. U-3557, "Fl ight  
Hardware Development and Delivery f o r  t h e  Lunar Penetrometer  System Appli- 
c a b l e  t o  t h e  Apollo Program," both da t ed  2 7  A p r i l  1966. 
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I n  a b r i e f  bu t  i n t e n s i v e  s t u d y ,  t he  prev ious ly  developed Lunar Penetrometers  
were s t u d i e d  a s  p o t e n t i a l  Sounding Probes f o r  a manned Apollo LEM landing .  
The e f f o r t  was d iv ided  i n t o  t h r e e  main por t ions :  
(1) A pre l iminary  system concept was formulated 
f o r  us ing  Penetrometers a s  Sounding Probes f o r  
t h e  LEM descent .  
( 2 )  Trade-off s t u d i e s  were performed of how t h e  
penetrometers  could be  deployed, t h e  d a t a  
handled, and t h e  r e s u l t s  i n t e r p r e t e d .  
(3) Pre l iminary  f u n c t i o n a l  s p e c i f i c a t i o n s  were 
prepared descr ib ing  t h e  major assembl ies  of 
t h e  system and t h e i r  i n t e r f a c e s  wi th  t h e  LEM 
v e h i c l e .  
Among t h e  important  r e s u l t s  of t h e  s tudy  w e r e  t h e  f i n d i n g s  t h a t  t h e  
Sounding Probe a p p l i c a t i o n  appears f e a s i b l e  with a r e l a t i v e l y  simple 
system, t h e r e  i s  a l i m i t e d  range of p o s s i b l e  launch t i m e s  d u r i n g  t h e  LEM 
d e s c e n t  t r a j e c t o r y ,  and penetrometer impact angles  and v e l o c i t i e s  a r e  
r e l a t i v e l y  f ixed  f o r  a l l  favorable  launch c o n d i t i o n s .  Emphasis i n  t h e  
s t u d y  was placed on showing t r a d e - o f f s  a v a i l a b l e  and system l i m i t a t i o n s  
r a t h e r  than concluding wi th  a f ixed system d e s i g n .  
Throughout t h e  Sounding Probe Study, i t  was d e f i n i t e l y  assumed t h a t  t h e  
probe system was a n  add-on device  t o  t h e  LEM r e q u i r i n g  minimum i n t e r f a c e s  
and t h a t  t h e  d a t a  r e s u l t s  from the  impact ing penetrometer spheres  would 
o n l y  ass is t  t h e  a s t r o n a u t s  i n  t h e i r  landing d e c i s i o n  - n o t  make t h e  a b o r t  
o r  landing  d e c i s i o n .  
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LEM Pad impact t e s t i n g  was continued by performing an a d d i t i o n a l  12 simulated 
Lunar drop tes ts  a t  3 and 7 f t / s e c  i n t o  s e v e r a l  t ypes  of Nevada sand.  
t es t s  were conducted w i t h  t h e  t e s t  equipment desc r ibed  i n  prev ious  r e p o r t s .  
A?? of the  tabula ted  d a t a  a r e  coiitained i n  t h i s  report.  Curves a r e  p re -  
sented showing LEM Pad p e n e t r a t i o n  a s  func t ions  of  bea r ing  s t r e n g t h ,  s o i l  
mater ia  1 and t i m e .  
These 
The d a t a  a n a l y s i s  and a n a l y t i c a l  work i n  suppor t  o f  t h e  LEM Pad t e s t i n g  
were cont inued.  Again, i t  was found t h a t  t h e  dynamic p e n e t r a t i o n  depths  
measured exceeded those  p red ic t ed  by a n a l y t i c a l  models based on measured 
s t a t i c  c h a r a c t e r i s t i c s .  The so-ca l led  "jack-hammer" e f f e c t  o f  c rush ing  
honeycomb was absolved of caus ing  the  added p e n e t r a t i o n .  P o s s i b l e  t h e o r i e s  
f o r  t h e  dynamic e f f e c t s  were reviewed, b u t  i t  was concluded t h a t  a d d i t i o n a l  
fundamental s o i l  mechanics r e s e a r c h  work i s  needed. 
During t h i s  c o n t r a c t u a l  pe r iod ,  a d d i t i o n a l  e f f o r t  was placed on t e s t i n g  and 
eva lua t ing  the  two pro to type  penetrometers  f a b r i c a t e d  du r ing  the  i n i t i a l  
LPS program. Some o f  t h e  o p e r a t i o n a l  anomalies under extreme impact condi- 
t i o n s  were explained by t h e  discovery of  such t h i n g s  as damaged i n t e g r a t e d  
c i r c u i t s ,  l o w  b a t t e r y  v o l t a g e s ,  and ze ro  d r i f t  i n  t h e  tes t  c a l i b r a t i o n s .  
A number o f  poss ib l e  module c i r c u i t  improvements were i n v e s t i g a t e d  and a r e  
recommended fo r  i n c l u s i o n  i n  f u t u r e  penetrometer  models. Among t h e  recom- 
mended changes are: 
(1) A new method of c a l i b r a t i o n  s i g n a l  i n j e c t i o n .  
(2) Replacement o f  g l a s s  d iodes  wi th  epoxy-pac 
d iodes .  
(3 )  Use o f  meta l - f i lm r e s i s t o r s  i n  p l ace  of  carbon 
composition r e s i s t o r s .  
( 4 )  Poss ib l e  replacement of t h e  i n t e g r a t e d  c i r c u i t  
a m p l i f i e r s  wi th  an improved model. 
( 5 )  El imina t ion  of  one MOS-FET. 
Encouraging shock t e s t  r e s u l t s  were achieved wi th  a c r y s t a l - c o n t r o l l e d  
o s c i l l a t o r .  There would be many b e n e f i t s  i n  r e p l a c i n g  t h e  p r e s e n t  LC 
o s c i l l a t o r  w i t h  a c r y s t a l - c o n t r o l l e d  model, b u t  more t e s t  expe r i ence  i s  
requi red  f i r s t .  
An e x t e n s i v e  search was made  t o  f ind  an h r i c a n  source  f o r  t h e  requi red  
penetrometer  b a t t e r y .  The r e s u l t s  were no t  t o o  encouraging bu t  a l l  nego- 
t i a t i o n s  could n o t  be completed i n  t i m e  f o r  t h i s  r e p o r t .  However, an 
a l t e r n a t i v e  plan us ing  fewer but  l a r g e r  b a t t e r y  ce l l s  wi th  a DC t o  DC 
conve r t e r  was suggested and should b e  independent ly  pursued.  
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SOUNDING D E V I C E  APPLICATION STUDY 
The o r i g i n a l  u s e  contemplated f o r  t h e  Penet rometers  w a s  a s  s u r f a c e  measuring 
ins t ruments  t o  be deployed from a Lunar Survey Probe v e h i c l e  which descended 
t o  nea r  t he  luna r  s u r f a c e  from an o r b i t i n g  Apollo s p a c e c r a f t .  The penetrom- 
eters would o b t a i n  s c i e n t i f i c  d a t a  on s u r f a c e  c h a r a c t e r i s t i c s  a s  w e l l  as 
c e r t i f y  a p rospec t ive  l and ing  s i t e  f o r  a la te r  Apollo LEM landing .  However, 
i t  became obvious du r ing  the  o r i g i n a l  LPS c o n t r a c t  pe r iod ,  t h a t  t h e  develop- 
ed penetrome.ters could a l s o  s e r v e  a v a l u a b l e  f u n c t i o n  on an  a c t u a l  landing  
Apollo LEM a s  a sounding dev ice  t o  ass is t  i n  making an on-the-spot d e c i s i o n  
whether a s a f e  landing  could be  made. Therefore ,  a b r i e f  bu t  i n t e n s i v e  
system s tudy  was undertaken t o  eva lua te  t h e  penetrometer f o r  t h i s  app l i ca -  
t i o n .  This s tudy  included a n a l y s i s ,  t r a d e - o f f s ,  conceptual des ign ,  and 
p r e p a r a t i o n  of p re l imina ry  func t iona l  s p e c i f i c a t i o n s .  
It  should be noted t h a t  a study of t h i s  s h o r t  d u r a t i o n  could only begin  t~ 
d e f i n e  and so lve  the  problems i n  i n t e g r a t i n g  t h e  Sounding Device i n t o  a n  
Apollo LEM mission. A system concept i s  f u n c t i o n a l l y  desc r ibed ,  bu t  it i s  
expected t o  be cons ide rab ly  modified a s  t h e  system d e f i n i t i o n  p rogres ses .  
Study a r e a s  r e q u i r i n g  e a r l y  a t t e n t i o n  a r e  o u t l i n e d  i n  t h i s  s e c t i o n .  
3 .1  SYSTEM DESCRIPTION 
3 . 1 . 1  PURPOSE 
The LEM Sounding Probe w i l l  be used by t h e  LEM crew t o  test  t h e  c o n d i t i o n  
of t h e  luna r  s u r f a c e  p r i o r  t o  landing. I t s  senso r s  are Penetrometer sphe res  
t h a t  a r e  launched e i t h e r  s i n g l y  or i n  sa lvo  from t h e  v i c i n i t y  of  Low Gate 
i n  t h e  descen t  t r a j e c t o r y  a s  shown i n  F igu re  3-1. They a r e  au tomat i ca l ly  
aimed t o  land w i t h i n  t h e  nominal LEM landing  zone and du r ing  t h e i r  moment 


































Q H k 0 E 
L 






Penetrometer t r a n s m i t s  an acce lera t ion- t ime p r o f i l e  d u r i n g  impact.  From 
t h e  p r o f i l e  a r e  deduced c h a r a c t e r i s t i c s  of s u r f a c e  hardness .  On board t h e  
LEM is  a s e p a r a t e  r e c e i v e r ,  d a t a  processor ,  and d i s p l a y  console  t h a t  d i g e s t s  
t h e  d a t a  and i n d i c a t e s  t h e  a d v i s a b i l i t y  of l a n d i n g .  The f i n a l  d e c i s i o n  t o  
l and ,  however, rests with t h e  crew. Other  than  drawing power and monitor- 
i n g  LEM n a v i g a t i o n a l  d a t a ,  t h e  Sounding Probe o p e r a t e s  autonomously and i s  
ca tegor ized  a s  an add-on d e v i c e .  I n  Table  3.1 i s  a summary o f  i t s  s a l i e n t  
c h a r a c t e r i s t i c s .  
Minimal crew a c t i v i t y  i s  required t o  o p e r a t e  t h e  u n i t .  Turn-on of t h e  
equipment and p r e s s i n g  t h e  launch b u t t o n  a r e  a l l  t h a t  a r e  necessary .  No 
s i g h t i n g  o r  aiming through a r e t i c l e  i s  necessary  s i n c e  t h e  launcher  a t t i -  
tude  i s  v a r i e d  and cont inuously updated dur ing  f l i g h t  t o  c o n t r o l  launch 
a n g l e .  Within a c e r t a i n  range ,  even t h e  LEM a l t i t u d e  i s  no t  c r i t i c a l .  
This  permits  t h e  crew t o  select  any convenient  launch t i m e  near  Low Gate.  
N e i t h e r  t h e  nominal LEM a t t i t u d e  n o r  t r a j e c t o r y  a r e  a f f e c t e d  s i n c e  launch 
angle  d a t a  a r e  cont inuously cor rec ted  throughout t he  descent  phase.  The 
Sounding Probe has  i t s  own computer so t h e r e  i s  no i n t e r f e r e n c e  nor changes 
i n  t h e  LEM e l e c t r o n i c s  t o  accommodate t h i s  device .  
The purpose of a r e c e n t  phase of  t h e  program f o r  which t h i s  r e p o r t  i s  
submit ted was t o  perform trade-off  s t u d i e s  and submit f u n c t i o n a l  s p e c i f i -  
c a t i o n s  f o r  t h e  Sounding Probe.  Areas of c h i e f  concern t o  each of t h e  
subsystems were i n v e s t i g a t e d  and t e n t a t i v e  design c o n s i d e r a t i o n s  l i s t e d .  
These a r e :  
( 1) 
( 3 )  
( 4 )  
Data Model. I n t e r p r e t a t i o n  of Penetrometer 
d a t a  i n s o f a r  a s  i t  i s  understood a t  t h i s  t i m e  
i s  d iscussed  i n  Paragraph 3.2.1.  P r e f e r r e d  
parameters t o  measure and t h e i r  confidence 
a r e  des igna ted  . 
Deployment. Both LEM and Penetrometer 
t r a j e c t o r y  d a t a  are  g r a p h i c a l l y  d i s p l a y e d .  
There i s  only a l i m i t e d  range of parameters  
w i t h i n  which a choice of  launch t i m e  i s  
permi t ted .  These d a t a  a r e  presented  i n  
Paragraph 3 . 2 . 2  . 
Communications. The a b i l i t y  t o  launch more 
than  one Penetrometer i n  a s a l v o  r e q u i r e s  a 
mul t ichannel  d i v e r s i t y  r e c e i v e r .  I t s  char -  
a c t e r i s t i c s  a r e  discussed i n  Paragraph 3 . 2 . 3 .  
Data Process ing .  
measuring parameters and render ing  a d e c i s i o n  
The l o g i c  c i r c u i t r y  f o r  
a r e  s t u d i e d  i n  Paragraph 3 . 2 . 4 .  
3-3  
- 
TABLE 3 .1-  
MAJOR FEATURES OF SOUNDING PROBE 
Operat ing Mode 
Launch Al t i t ude  
Number of Penetrometers  
Weight 
Operat ing Time 
Data Display 
Power Consumption 
Aiming and S i g h t i n g  
Landing o r  Abort Decis ion 
Changes to LEM Equipment 
Changes to  LEM Tra jec to ry  
I n s  t a 1 1 a t  ion 
Automatic wi th  s e l e c t i v e  launch t i m e  




D i g i t a l  L igh t s :  go/no-go 
Analog Meter: Vern ie r  assessment  
50 wa t t s  
None r equ i r ed  by C r e w  





(5) Display. A l t e rna te  concepts  f o r  p r e s e n t i n g  t h e  
d a t a  and au tomat i ca l ly  t r a c k i n g  Penetrometer 
impact l o c a t i o n s  r e l a t i v e  t o  t h e  LEM a r e  d i s c u s -  
sed i n  Paragraph 3 . 2 . 5 .  
( 6 )  S p e c i f i c a t i o n s .  An i n t e r f a c e  s p e c i f i c a t i o n  w i t h  
t h e  LEM a s  w e l l  a s  p re l imina ry  f u n c t i o n a l  spec i -  
f i c a t i o n s  f o r  the complete Sounding Probe and i t s  
f i v e  major subsystems a r e  given i n  Paragraph 3 . 3 .  
3 . 1 . 2  CONSTRAINTS 
S p e c i f i c  c o n s t r a i n t s  t h a t  have been observed du r ing  t h i s  s tudy  a r e :  
(1) The nominal LEM t r a j e c t o r y  d u r i n g  t h e  descen t  
phase i s  s h o w  i n  F igure  3 - 9 .  I f  t h e s e  d a t a  
change, then t h e  f l i g h t  mechanics of t h e  Pene- 
t rometer  a s  shown in  F igu res  3-8 ,  3-10 and 3-11 
w i l l  a l s o  change. 
(2) Penetrometer d a t a  a re  t o  be  acqu i r ed ,  p rocessed ,  
d i sp l ayed ,  and a s s imi l a t ed  by t h e  crew by t h e  
t i m e  t h e  LEM reaches an  a l t i t u d e  of 200 f e e t  from 
t h e  lunar  s u r f a c e .  
(3) It i s  d e s i r a b l e  but n o t  mandatory t o  r e s t r a i n  t h e  
impact v e l o c i t y  of t h e  Penetrometer t o  a low value 
where parameters d e s c r i b i n g  s o f t  u n c e r t a i n  s u r -  
f a c e s  a r e  more r e a d i l y  d i s c e r n a b l e .  
( 4 )  The d e c i s i o n  t o  land o r  a b o r t  must be l e f t  t o  t h e  
LEM crew. 
(5) Only f i v e  pounds of c o n t r o l s  and d i s p l a y  a r e  
allowed i n  t h e  ascent  s t age .  The remainder of 
t h e  equipment is  i n  t h e  descen t  s t a g e .  No a t t a c h -  
ments a r e  t o  be made t o  t h e  e y t e r i o r  s k i n  of t h e  
LEM. The launch pod may no t  be a t t a c h e d  t o  a 
primary o r  secondary s t r u t  o r  t o  a f o o t  pad. 
( 6 )  The system i s  t o  perform s i t e  v e r i f i c a t i o n  
( c e r t i f i c a t i o n )  with s i te  s e l e c t i o n  as a secon- 
dary  o b j e c t i v e .  
(7) Penetrometers a r e  t o  be manually f i r e d  by t h e  
LEM crew. 
(8) Penetrometer d a t a  a re  t o  be s imul taneous ly  
re layed  t o  Ea r th .  
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Although no t  c o n s t r a i n t s ,  f u r t h e r  ground r u l e s  have been observed du r ing  
t h i s  s tudy  and are r e f e r r e d  t o  as assumptions.  
LEM a l t i t u d e ,  h o r i z o n t a l  range t o  touchdown, 
h o r i z o n t a l  and v e r t i c a l  v e l o c i t y  components and 
p i tchback  angle  are  a v a i l a b l e  from t h e  LEM navi-  
g a t i o n a l  computer. A cont inuous f low of  t h i s  
informat i o n  t o  t h e  Sounding Probe du r ing  t h e  
l a s t  f i v e  minutes of  f l i g h t  i s  d e s i r e d .  
Power i s  a v a i l a b l e  from t h e  LEM a t  an average 
l e v e l  of  50 w a t t s  f o r  t e n  minutes d u r i n g  descen t .  
Surge power f o r  handl ing  up t o  8 squ ibs  simul- 
taneous ly  i s  a l s o  a v a i l a b l e .  
The launch v e l o c i t y  of t he  Penetrometers  i s  f ixed  
b u t  t h e  launch angle  i s  va r i ed  by a c o n t r o l  mech- 
anism so t h a t  impact w i l l  occur  w i t h i n  the  nominal 
LEM landing  f o o t p r i n t .  F u r t h e r  s tudy  may w e l l  
e l i m i n a t e  t h e  v a r i a b l e  launch angle  requirement .  
There i s  no d i s p l a y  f o r  record ing  t h e  l o c a t i o n  
i n  space of  impacted Penetrometer .  
The LEM does n o t  yaw apprec iab ly  du r ing  descen t .  
Otherwise, yaw ang le  must be used t o  c o r r e c t  t he  
launch ang le  of  t h e  Penet rometers ,  o r  e lse  a yaw 
l i m i t a t i o n  must be imposed a t  t h e  moment of launch.  
I n  the  crew cab in ,  pane l  8 i s  a v a i l a b l e  f o r  arming 
and launching switches and pane l  10 i s  a v a i l a b l e  
f o r  t h e  remainder of d i s p l a y s  and c o n t r o l s .  
Penetrometer  t r a n s m i t t e r s  do n o t  t u r n  on u n t i l  
launch and au tomat i ca l ly  tu rn -o f f  s h o r t l y  a f t e r  
impact. 
Within any 28-foot  d i ame te r  c i r c l e  t h e  l u n a r  
s u r f a c e  i s  r e l a t i v e l y  homogeneous. 
Thermal c o n t r o l  f o r  components mounted on t h e  
LEM descen t  s t a g e  i s  provided by t h e  Sounding 
Probe. 
3 .1 .3  OPERATION 
Three modes of ope ra t ing  are worthy of  ment ion and a r e  i d e n t i f i e d  by t h e  
manner i n  which t h e  Penetrometers  are launched.  Assume f o r  t h i s  d i s c u s s i o n  
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t h a t  fou r  Penetrometers a r e  stowed i n  t h e  launch pod. Based upon 
Penetrometer d a t a  a lone ,  t h e  p r o b a b i l i t y  of  a s a f e  landing  i s  0 . 9  i f  fou r  
independent pene t rometers  a r e  launched toward a s u r f a c e  whose a r e a  i s  on ly  
30 percent  accep tab le .  By launching a l l  fou r  i n  one sa lvo  t h e r e  i s  mini- 
mum d i s t r a c t i o n  of t h e  crew, bu t  a 4-channel d i v e r s i t y  r e c e i v e r  is  r equ i r ed .  
The number of  channels r equ i r ed  in t h e  r e c e i v e r  matches t h e  number of Pene- 
t rome te r s  t h a t  a r e  simultaneously i n  f l i g h t .  
To a l low t h e  crew a s  much t i m e  a s  p o s s i b l e  t o  make a d e c i s i o n  a f t e r  t h e  d a t a  
a r e  d i sp l ayed ,  a l l  Penetrometers should be launched a t  an a l t i t u d e  of about 
1000 f e e t .  The c o n t r o l  system o r i e n t s  t h e  launch pod so t h a t  i f  t he  Pene- 
t rome te r s  a r e  e j e c t e d  a t  a v e l o c i t y  of 50 f t / s e c ,  t h e  pod i s  canted a t  an 
ang le  of 60 degrees  above a h o r i z o n t a l  r e f e r e n c e  p l ane .  There w i l l  be 18 
seconds l e f t  from t h e  time they  impact t h e  s u r f a c e  u n t i l  t h e  LEM reaches  
an a l t i t u d e  of 200 f e e t .  To process t h e  d a t a ,  up t o  2 seconds a r e  requi red  
f o r  each Penetrometer.  Data from one a r e  d isp layed  wi th in  t h e  f i r s t  2 sec-  
onds, t h e  second wi th in  t h e  f i r s t  4 seconds,  t h e  t h i r d  wi th in  t h e  f i r s t  6 
seconds,  and t h e  f o u r t h  w i t h i n  the  f i r s t  8 seconds l eav ing  10 seconds of 
a d d i t i o n a l  t i m e  f o r  t he  crew t o  make a d e c i s i o n  p r i o r  t o  reaching  an a l t i -  
tude  of 200 f e e t .  
Another mode i s  t o  launch t h e  four Penet rometers  s e q u e n t i a l l y .  A s  can 
e a s i l y  be seen ,  i f  t h e  f i r s t  i s  launched a t  t h e  same a l t i t u d e  a s  be fo re  and 
more than  2 seconds elapses between launchings ,  then  t h e r e  w i l l  be less t i m e  
than  be fo re  t o  make a d e c i s i o n .  This  mode r e q u i r e s  more a t t e n t i o n  from t h e  
crew f o r  launching bu t  on ly  demands a s i n g l e  channel r e c e i v e r .  
A s  a compromise, a s a l v o  of only two may be launched a t  t h e  same a l t i t u d e  
a s  be fo re .  Again t h e r e  a r e  18 seconds from t h e  t i m e  they impact u n t i l  t h e  
LEM reaches  an a l t i t u d e  of  200 f e e t .  Deducting 4 seconds f o r  p rocess ing  
l eaves  14 seconds,  Using 2 of these  f o r  crew i n t e r p r e t a t i o n  s t i l l  l eaves  
12 seconds,  which is  j u s t  s u f f i c i e n t  t i m e  t o  make ano the r  s a l v o  launch of 
t h e  two remaining Penetrometers i n t o  a s e l e c t e d  zone and s t i l l  have 2 sec-  
onds a f t e r  p rocess ing  t o  make a dec i s ion  be fo re  reaching  t h e  200-foot a l t i -  
tude .  The advantages and d isadvantages  of each mode a r e  summarized i n  
Tab le  3 . 2 .  It would appear t h a t  a system designed t o  launch m u l t i p l e  s a l -  
vos (maybe no t  more than  2 are needed) r e p r e s e n t s  a p r e f e r r e d  compromise. 
The Data Processor  au tomat i ca l ly  ana lyzes  t h e  a c c e l e r a t i o n  d a t a  from each 
Penet rometer .  For i l l u s t r a t i v e  purposes t h r e e  parameters  shown i n  F igu re  
3-2 have been s e l e c t e d  and are  subjec ted  t o  examination. The parameter 
o p e r a t i o n s  occur  i n  p a r a l l e l  i n  t h a t  any o r  a l l  may be d e l e t e d  and s u b s t i -  
t u t e d  wi th  o t h e r  measurements. The r e s u l t s  of t h e s e  measurements a r e  inde- 
pendent ou tpu t  s i g n a l s  and are  used t o  formula te  and t r a n s f e r  a s i n g l e  
d e c i s i o n  t o  t h e  d i s p l a y .  
preset th re sho ld  t h e r e  i s  good i n d i c a t i o n  t h a t  t h e  d e n s i t y  of t h e  s u r f a c e  
may be s a t i s f a c t o r y  f o r  a LEM landing. This  must be a t t a i n e d  p r i o r  t o  
I f  a peak i n  t h e  a c c e l e r a t i o n  s i g n a l  exceeds a 
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TABLE 3.2 
SALVO VERSUS SELECTIVE LAUNCHING 
( 4  Penetrometers) 
4 Launches 2 Salvo 1 Salvo 
of 1 each of L each of 4 
Rec e iv e r Smallest Largest 
Required Crew Attention Most Least Somewhere 
Be tween 
Extreme s 
Time Available for Crew 
Decision Least the to Most 
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FIGURE 3-2. HYPOTHETICAL TIME PROFILES OF ACCELERATION, VELOCITY AND PENETRATION 
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a p reca lcu la t ed  t i m e  t h a t  i s  analogous t o  a depth beyond which t h e  LEM and 
a scen t  s t a g e  cannot be recovered.  Another measurement i s  t h e  t o t a l  depth  
of p e n e t r a t i o n  a s  ca l cu la t ed  from t h e  second success ive  i n t e g r a l  of acce l -  
e r a t i o n .  I t  a l so  may n o t  exceed a p r e s e t  v a l u e .  L a s t l y ,  t h e  smali  p l a t eau  
t h a t  appears  a t  t h e  t a i l  of most a c c e l e r a t i o n  p r o f i l e s  i s  a good measure of 
t h e  s u r f a c e  bear ing s t r e n g t h .  I f  i t s  v a l u e  exceeds a s p e c i f i e d  th re sho ld ,  
then again the re  i s  a good reason  t o  b e l i e v e  t h e  s u r f a c e  i s  s a f e  f o r  land-  
i n g .  A composite r e s u l t  of t h e s e  measurements f o r  each Penetrometer i s  
provided a s  both a d i g i t a l  go/no-go d i s p l a y  and a l s o  a s  a p o i n t e r  on a 
cont inuous s c a l e  t o  g ive  the  degree of goodness.  E i t h e r  o r  bo th  may be 
accepted o r  r e j ec t ed  by the  crew. 
Major assemblies  o f  t h e  Sounding Probe a r e  l i s t e d  i n  Table  3 . 3 .  Figures  
3-3 and 3-4 show t h e  func t ions  and l o c a t i o n s  of t h e  subsystems. Table  3 .4  
i s  a summary of t h e  s a l i e n t  f e a t u r e s  of t h e  subsystems. 
3 . 1 . 4  FURTHER STUDY 
For  t h e  next  phase of s y s t e m  d e f i n i t i o n  and conceptua l  des ign  of  t h e  
Sounding Probe,  it appears  a p p r o p r i a t e  t o  c i t e  s p e c i f i c  a r e a s  t h a t  dese rve  
more r igo rous  a t t e n t i o n  and a n a l y s i s .  Major t r a d e - o f f s  s t i l l  remaining 
inc lude :  
0 Number of Penetrometers  ve r sus  system weight .  
0 Penetrometer impact v e l o c i t y  v e r s u s  t i m e  l e f t  
f o r  crew t o  make d e c i s i o n .  
0 Launch mode v e r s u s  mul t ichannel  r e c e i v e r  weight .  
0 C r e w  d e c i s i o n  t i m e  v e r s u s  mul t ichannel  Data 
Processor  weight .  
To so lve  t h e s e  t r ade -o f f s  t h e r e  i s  obvious ly  a n e c e s s i t y  t o  formula te  
conclus ions  i n  the  fol lowing s tudy  a r e a s :  
(1) Determine i f  any o t h e r  parameter (s )  should be 
measured a s i d e  from t h e  t h r e e  t h a t  have been 
considered d u r i n g  t h i s  s tudy .  P o s s i b l e  conten- 
ders d e r i v a b l e  from a c c e l e r a t i o n  d a t a  are: 
0 Time t o  second peak 
Onset r a t e  
0 Rise t i m e  
b Pul se  d u r a t i o n  
R a t i o  of p e a k - t o - t a i l  
3-  10 
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FIGURE 3 - 4 .  S O W I N G  PROBE SUBSYSTEM DISTRIBUTION 
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TABLE 3 . 4  
SUBSYSTEM CHARACTER1 STI CS 
PENETROMETER O m i - d i r e c  t iona 1 wi th in  + 
10 percen t ,  50 g t o  7000-g 
COMMUNI CATIONS D i v e r s i t y  r e c e p t i o n  (mul t i -  
channel  op t iona l )  
DATA PROCESSOR Mult ichannel  s imultaneous 
i n p u t ,  s e q u e n t i a l  o u t p u t ,  
2 seconds computation per  
channel .  
DISPLAY 
DEPLOYMENT 
D i g i t a l  l i g h t s :  3 l e v e l  
golno-go. 
v e r n i e r  assessment .  
Analog Meter: cont inuous 
Fixed launch v e l o c i t y  v a r i -  
a b l e  launch ang le .  
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1' 
Also, determine r e l a t i v e  weights t o  a s s i g n  t o  each measurement. Then, e i t h e r  
by hand o r  computer, t e s t  t h e  t h e o r e t i c a l  d a t a  processor  f o r  a l l  p o s s i b l e  
i n p u t s .  
(2) 
(3)  
( 4 )  
(5) 
Define thermal c o n t r o l  f o r  n o t  only t h e  launch 
pod assembly bu t  a l s o  t h e  e l e c t r o n i c s  i n  t h e  
descen t  s t a g e .  
Program Penetrometer f l i g h t  t r a j e c t o r y  and 
e r r o r  a n a l y s i s  on a computer so t h a t  s e n s i -  
t i v i t y  of the des ign  t o  changes i n  t h e  nom- 
i n a l  LEM t r a j e c t o r y  can be eva lua ted .  
More d e t a i l e d  s tudy  of t h e  servo  c o n t r o l  of 
t h e  launch pod is  r equ i r ed .  
Penetrometer d a t a  could be j u s t  one  of t h e  
many inpu t s  toward fo rmula t ing  a landing  
d e c i s i o n .  F igu re  3-5 i l l u s t r a t e s  f o u r  i n p u t s  
t o  a mechanization. The ques t ion  t h a t  needs 
answering i s ,  "Can the  crew make a l l  of t h e s e  
d e c i s i o n s  i n  t h e i r  heads?" 
Conduct a t r a d e - o f f  s tudy  of t h e  Data P rocesso r  
t o  determine the  weight ve r sus  process ing  t i m e  
f o r  ana log  v e r s u s  d i g i t a l  c i r c u i t r y .  This  de- 
c i s i o n  i s  dependent n o t  on ly  on weight of equip- 
ment bu t  a l s o  on accuracy, speed and f l e x i b i l i t y  
o f  ope ra t ion .  
V i s i b i l i t y  of t h e  landing s i t e  a s  w e l l  a s  e f f e c t s  
of t h e  r o c k e t  plume and t h e  s o l a r  l i g h t i n g  ang le  
deserve  cons ide ra t ion .  
The d e s i r a b i l i t y  and c o n f i g u r a t i o n  of a landing  
s i t e  s e l e c t i o n  device t o  augment t h e  Penetrom- 
e t e r s  should be s tudied  f u r t h e r .  
Devise a t r u l y  analog ou tpu t  t o  a meter d i s p l a y .  
Determine t h e  launch p a t t e r n ,  t h e  method of pro- 
pu l s ion  and ana lyze  t h e  launch impulse and i t s  
e f f e c t  upon t h e  LEM. 
Fea tu res  t o  v i s u a l l y  t r a c k  t h e  Penetrometers and 
i d e n t i f y  t h e  p o i n t  of  impact such as f l a r e s ,  
streamers, t r a c e r s ,  dye markers,  e t c . ,  must be 
de f ined  . 














3.2.1 DATA MODEL 
a.  C r i t i c a l  Parameters.  The minimum b e a r i n g  s t r e n g t h  of an engineer -  
i ng  
m a t e r i a l  f o r  which a: 
model of a s t r u c t u r a l l y  weak l a y e r  has  been de f ined  by NASA as a 
(1) S t a t i c  load of 1 p s i  w i l l  p e n e t r a t e  no more 
than  3 . 9  inches (10 cm) . 
(2) Dynamic load o f  1 2  p s i  w i l l  p e n e t r a t e  no more 
than  23.6 inches  (60 cm). 
Coupling t h i s  d e f i n i t i o n  t o  an assessment of  l una r  geology provides  a b a s i s  
f o r  de te rmining  t h e  c r i t i c a l  lunar  s u r f a c e  types  t o  be measured. The s i g -  
n i f i c a n t  l una r  s u r f a c e  models appear t o  be: 
(1) Low bea r ing  s t r eng th  m a t e r i a l s  , inc luding:  
o Suspended dus t  (low d e n s i t y  and low 
bea r ing  s t r e n g t h ) .  
o "Fai ry  cas t l e ' '  s t r u c t u r e  (h igh  d e n s i t y  
and low bearing s t r e n g t h ) .  
o S t r u c t u r a l l y  weak rock f r o t h s  (low 
d e n s i t y  and low bea r ing  s t r e n g t h ) ,  
(2) Thin, p e n e t r a b l e  c r u s t s  ove r ly ing  and concealing: 
o Voids 
o Low bea r ing  s t r e n g t h  m a t e r i a l s .  
(3) Thin,  s t r u c t u r a l l y  weak l a y e r s  ove r ly ing  and 
concea l ing :  
o Voids 
o Rugged, blocky subsu r faces .  
The dynamic r e a c t i o n  of t h e  penetrometer t o  t h e s e  c r i t i c a l  m a t e r i a l s  and 
s u r f a c e s  m u s t  be c o r r e l a t e d  wi th  the dynamic r e a c t i o n  o f  a LEM l anding  pad 
t o  s i m i l a r  m a t e r i a l s  and s u r f a c e s  i n  o r d e r  t o  p r e d i c t  a s a f e  landing  mode 
f o r  t h e  LEM v e h i c l e .  This c o r r e l a t i o n  w i l l  have t o  be accomplished i n  
terms o f  s o i l  p r o p e r t i e s  inc luding  a l l  o f  t h e  s o i l  mechanics parameters 
t h a t  d e f i n e  bea r ihg  s t r e n g t h  and d e n s i t y  terms. 
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b. Acce lera t ion  S igna tu re .  The p u l s e  r e s u l t i n g  from t h e  impact of 
a penetrometer a t  v e l o c i t i e s  ranging from 20 t o  250 f p s  can be d i r e c t l y  
r e l a t e d  t o  t h e  p r o p e r t i e s  of t h e  t a r g e t  m a t e r i a l s .  A g ross  a n a l y s i s  of 
t h e  pu l se  s igna tu re  caE be obta ined  by r e l a t i n g  c e r t a i n  c h a r a c t e r i s t i c s  of 
t h e  pu l se  curve t o  t h e  g ross  d e n s i t y  and t h e  s t a t i c  bea r ing  s t r e n g t h  of 
t h e  t a r g e t  m a t e r i a l .  The g ross  d e n s i t y  term r e p r e s e n t s :  
(1) The g ross  d e n s i t y  of t h e  s o l i d  p a r t i c l e s  and 
water f i l m s  o r  coa t ings .  
(2) The g ross  p o r o s i t y  of t h e  m a t e r i a l  
The s t a t i c  bear ing  s t r e n g t h  t e r m  f o r  p a r t i c u l a t e  m a t e r i a l s  i s  r e l a t e d  t o  
t h e  fo l lowing  s o i l  p rope r ty  expres s ions :  
(1) The Coulomb Theory e f f e c t  which r e l a t e s  t h e  
shea r ing  r e s i s t a n c e  of a p a r t i c u l a t e  m a t e r i a l  
t o  i t s  cohesion and c o e f f i c i e n t  of  i n t e r n a l  
f r i c t i o n .  
(2) The Terzaghi e f f e c t i v e  stress concept which 
modi f ies  t h e  normal s t ress  on t h e  s h e a r i n g  
p l ane  due t o  g r a i n  shapes and pore  a i r  p r e s -  
s u r e  bui ld-up  e f f e c t s  (which occur  a s  t h e  
g r a i n  s i z e  and/or  pe rmeab i l i t y  a r e  dec reased ) .  
(3) P a r t i c l e  c o n t a c t  d i s t r i b u t i o n  t h e o r i e s  t h a t  
are r e l a t e d  t o  t h e  degree  of  s o r t i n g  and com- 
pac t ion  of  p a r t i c u l a t e  t a r g e t  m a t e r i a l s .  
For m a t e r i a l s  t h a t  r e a c t  t o  impact l i k e  a low b e a r i n g  s t r e n g t h  s o l i d ,  
e . g . ,  a foam, the  d e n s i t y  and s t a t i c  bea r ing  s t r e n g t h  terms d e f i n e  t h e  
c h a r a c t e r  o f  t h e  pu l se  and t h e  r e s u l t i n g  dep th  of p e n e t r a t i o n  very  w e l l .  
For p a r t i c u l a t e  m a t e r i a l s  , t h e  r e a c t i o n  and r e s u l t i n g  pu l se  and d i s p l a c e -  
ment va lue  must be modified t o  inc lude  a volume of t a r g e t  m a t e r i a l s  d i r e c -  
t l y  d i sp l aced  by the  penetrometer and moving wi th  it i n  obeyance t o  t h e  
e f f e c t s  discussed above. 
The d e s c r i p t i v e  c h a r a c t e r i s t i c s  of t h e  a c c e l e r a t i o n  s i g n a t u r e  ( a - t )  p u l s e  
inc lude  t h e  onset r a t e  o r  t h e  i n i t i a l  s lope  of  t h e  peak g curve ,  t h e  peak 
g v a l u e ,  t h e  t i m e  t o  peak g v a l u e ,  t h e  g l e v e l  of t h e  t a i l - o f f  p l a t e a u ,  and 
t h e  t o t a l  pu lse  d u r a t i o n .  I f  l ayered  m a t e r i a l s  are invo lved ,  t h e  t ime t o  
t h e  second peak g po in t  and i t s  peak g v a l u e  should b e  added t o  t h e  l i s t .  
I n  t h e  layered  m a t e r i a l  c a s e ,  t h e  t a i l - o f f  p l a t e a u  w i l l  be d e s c r i p t i v e  of 
t h e  l a s t  material p e n e t r a t e d .  
pu l se  can be r e l a t ed  t o  t h e  s o i l  parameters  p r e v i o u s l y  d i s c u s s e d .  
r e l a t i o n  and t h e  degree  of accuracy expressed  by t h e  r e l a t i o n  i s  i l l u s t r a t e d  
on t h e  ma t r ix  presented as Table  3-5 .  
These d e s c r i p t i v e  c h a r a c t e r i s t i c s  of an a - t  
This  
This m a t r i x  was employed t o  s e l e c t  
3-  18 
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measurement parameters  eva lua ted  f o r  process ing  i n  t h e  Data Processor .  
The s o i l  models des igna ted  i n  Table  3-5 were def ined  as fo l lows:  
CLASS I - HOMOGENEOUS MATERIAL MODELS: 
Model 1. NASA minimum bea r ing  s t r e n g t h  model: 
Ma te r i a l  : Loosely packed, crushed o l i v i n e  b a s a l t  s i l t  
(325 mesh) prepared by bubbl ing n i t r o g e n  o r  
compressed a i r  through a d i f f u s e r  and up 
through t h e  m a t e r i a l .  
P r o p e r t i e s :  The bear ing  s t r e n g t h  p r o p e r t i e s  of t h i s  
m a t e r i a l  a r e  very  c l o s e  t o  t h e  NASA minimum 
c r i t e r i a  : 
S t a t i c  bea r ing  s t r e n g t h  - 1 p s i  a t  
3 inches  p e n e t r a t i o n .  
0 Dynamic bea r ing  s t r e n g t h  - 20 p s i  
a t  2 3  inches  p e n e t r a t i o n .  
Model 2 .  I n t e rmed ia t e  " f a i r y  c a s t l e "  s t r u c t u r e ,  bonded, cohes ive  
g ranu la r  model c o n s i s t i n g  o f  t h r e e  submodels: 
Ma te r i a l  : Submodel A: S c o t t  r e t i c u l e d  foam (high 
pe rmeab i l i t y  l a t t i c e )  f i l l e d  wi th  bonded 
(s low hardening epoxy) , high  d e n s i t y ,  Ba 
SO4 ( b a r i t e )  sand (60-120 mesh). 
Submodel B: Sublimed o r  leached d i s p e r -  
s i o n  of bonded (hard a s p h a l t )  Ba SOcr sand 
p a r t i c l e s  i n  a v o l a t i l e  o r  s o l u b l e  mat r ix  
( e . g . ,  very  c o a r s e  s a l t  g r a i n s ,  114 t o  
112 inch) .  
Submodel C:  Bonded (quick  d ry ing  poly- 
e s t e r )  Ba SO4 sand sprayed from a F l i n t -  
ko te  S e a l z i t  sp ray  gun i n t o  a c o n t a i n e r  
e l e v a t e d  a t  45O t o  9O0 t o  form a " f a i r y  
c a s t l e "  network of p a r t i c l e  c h a i n s .  
P r o p e r t i e s  : LOW bea r ing  s t r e n g t h ,  h igh  d e n s i t y  and 
ve ry  h igh  pe rmeab i l i t y  and void  r a t i o  
models. Submodel A can be prepared t o  
i n v e s t i g a t e  40-60 l b / f t 3  m a t e r i a l s  ; 
submodel B y  30-40 l b / f t 3 ;  and submodel 
C ,  10-30 l b / f t 3  m a t e r i a l s .  
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Model 3 .  Absolute minimum bear ing  s t r e n g t h  f l o c c u l e n t ,  suspended 
d u s t  model; 
Ma te r i a l  : Compacted Cabos i l  prepared by i n i t i a l l y  
bubbling n i t r o g e n  o r  compressed a i r  through 
a d i f f u s e r  and t h e n  through t h e  m a t e r i a l  
and f i n a l l y  compacting the  loose  Cabos i l  
w i th  a v i b r a t i n g  hose .  
P r o p e r t i e s :  The bear ing  s t r e n g t h  c h a r a c t e r i s t i c s  of 
t h i s  minimum model a r e :  
0 S t a t i c  bear ing  s t r e n g t h  = 1 p s i  a t  
15 inches  p e n e t r a t i o n .  
0 Dynamic bear ing  s t r e n g t h  = 13 p s i  
a t  54 inches  p e n e t r a t i o n .  
CLASS I1 - MODELS OF MIXTURES FOR STATISTICAL SERIES OF TESTS: 
Model 1. Poorly graded, non-cohesive agglomerate: 
Ma te r i a l  : Prepared by mixing equa l  volumes of 
crushed o l i v i n e  b a s a l t  cobbles ,  peb- 
b l e s ,  sand and s i l t  and Cabos i l .  
Note: This model w i l l  suppor t  a LEM l and ing ;  -
i t  i s  included t o  t e s t  s t a t i s t i c a l  v a r -  
i a t i o n s  i n  t h e  a - t  s i g n a t u r e s .  
Model 2 .  I s o l a t e d  cobbles  i n  a s t r u c t u r a l l y  weak m a t e r i a l :  
Mater i a 1 : Evenly d i spe r sed  cobbles  of o l i v i n e  
b a s a l t  i n  a poured Cabos i l  ma t r ix  
(x 9 : l  r a t i o  of ma t r ix  t o  cobb les ) .  
Note: This model i s  included t o  s t a t i s -  -
t i c a l l y  t e s t  the  a - t  s i g n a t u r e s  t h a t  
r e s u l t  from i s o l a t e d  hard p a r t i c l e s  
i n  a low bear ing  s t r e n g t h  m a t e r i a l .  
CLASS I11 - MODELS OF LAYERED MATERIALS AND CRUSTS: 
Model 1 .  Vacuum bonded c r u s t  model: 
M a t e r i a l  : A preformed l a y e r  of 1 - 2  f e e t  of "Fairy 
c a s t l e "  s t r u c t u r e  m a t e r i a l  (Model I I A  
o r  IIB) ove r ly ing  compacted Cabos i l .  
3-2 1 
Model 2 .  Thin l ava  c r u s t  model: 
M a t e r i a l  : A 6-inch t h i c k  sawed pumice block 
overiyit ig compacted Cabos i l  . 
Model 3 .  Meteor i t e  s l a g  c r u s t  model: 
Ma te r i a l :  A s h e e t  of window g l a s s  o r  a 
l a y e r  of preformed s l a g  (metal  and 
s i l i c a t e  s l ag )  o v e r l y i n g  compacted 
Cabos i l .  
Note: Any o r  a l l  of t h e  above models 
could a l s o  be  suspended over  a void 
and test  t h e  case  of hard t o  cohe- 
s i v e  c r u s t s  ove r ly ing  v o i d s .  
-
Model 4 .  Minimum bea r ing  s t r e n g t h ,  s t r u c t u r a l l y  weak m a t e r i a l  
ove r ly ing  a r i g i d  s u r f a c e :  
M a t e r i a l :  Compacted Cabos i l  ove r ly ing  a r i g i d  
s tee l  p l a t e .  
3 .2 .2  DEPLOYMENT 
a .  Penetrometer T r a j e c t o r y .  An a n a l y s i s  was made t o  de te rmine  
launch, f l i g h t  and impact parameters of pene t rometers  launched from t h e  
LEM Vehic le  dur ing  f i n a l  approach. Launch v e l o c i t y  can va ry  between 30 
and 130 f t / s e c ;  launch a n g l e  between 60’ above t o  20° below t h e  l o c a l  
h o r i z o n t a l  r e q u i r i n g  launch ang le  c o n t r o l  t o  ach ieve  p r e c i s e  range c o n t r o l ;  
impact v e l o c i t i e s  a r e  l i m i t e d  t o  a maximum of  200 f t / s e c  and may be a s  l o w  
a s  120 f t / s e c ;  a t  t h e s e  v e l o c i t i e s  impact ang le s  v a r y  between 54O and 620 
from t h e  v e r t i c a l ;  f o r  t h e  t r a j e c t o r y  used, t h e  e a r l i e s t  a pene t rometer  
,can be launched i s  a t  a range of 3400 f e e t  and an a l t i t u d e  of 1075 f e e t ;  
t i m e  a v a i l a b l e  t o  t h e  crew f o r  a n a l y s i s  of pene t rometer  d a t a  can be a s  
long a s  16 seconds. 
The fo l lowing  p r e s e n t s  t h e  development of pene t rometer  t r a j e c t o r y  e q u a t i o n s  
and a d i scuss ion  of t h e  r e s u l t s .  
(1) Equation Der iva t ion .  The equa t ions  d e s c r i b i n g  penetrometer 
b a l l i s t i c  f l i g h t  and impact on t h e  luna r  s u r f a c e  a r e  de r ived  i n  t h i s  sec-  - 
t i o n .  Bas i c  equat ions  a r e  developed t o  d e s c r i b e  penetrometer f l i g h t  t i m e ,  
r ange ,  impact v e l o c i t y ,  and impact ang le  i n  terms of LEN a l t i t u d e  and 
v e l o c i t y ,  and penetrometer launch angle  and v e l o c i t y .  
For e a s e  i n  handling e q u a t i o n s ,  t h e  v e h i c l e  and penetrometer v e l o c i t i e s  
a r e  def ined  i n  terms of h o r i z o n t a l  and v e r t i c a l  components a s  shown i n  
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Figure  3-6. 
e ter  i s  def ined  i n  terms of the v e r t i c a l  v e l o c i t y  a s :  
The l i n e a r  v e r t i c a l  d i s t a n c e  covered by t h e  launched penetrom- 
H = ~i t + 1/2  a t Z  
YO 
where 
H = v e h i c l e  a l t i t u d e  a t  penetrometer deployment, f t .  
- 
V = I n i t i a l  v e r t i c a l  component of Penetrometer v e l o c i t y ,  
YO f t l s e c  = (v + Vy) 
Y i  
V = Vehic le  v e r t i c a l  v e l o c i t y  a t  launch, f t / s e c  
V = V e r t i c a l  v e l o c i t y  imparted by l aunche r ,  f t / s e c  
a = l una r  g r a v i t y  - 5.315 f t l s e c  . 
S u b s t i t u t i n g  f o r  Equation (1) becomes: 
H = (v + v t’ + 1/2 a t Z  
Y 
Y i  
2 
Y O ’  
Y i  Y 
from which penetrometer t i m e  o f  f l i g h t ,  t ,  i s  found t o  be: 
Range of  penetrometer f l i g h t  i s  simply: 
R = (vxi + Vx) t ,  
Where: 
(vxi-W ) = H o r i z o n t  a 1  component of penetrometer v e l o c i t y ,  f t / s e c .  
Vehic le  h o r i z o n t a l  v e l o c i t y  a t  launch, f t / s e c  V 
V Hor izonta l  v e l o c i t y  imparted by launcher ,  f t / s e c .  
X 
X 
x i  
( 4 )  
The v e l o c i t y ,  v imparted t o  the  pene t rometer ,  
r e l a t i v e  t o  t h e  l o c a l  h o r i z o n t a l  a r e  de f ined  i n  i’ 
v cos 6 = v 
i x i  
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and t h e  launch ang le ,  6, 
t e r m s  of vyi and vxi a s :  
(5) 
PENETROMETER DEPLOYMENT MECHANISM 
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where 6 i s  p o s i t i v e  above t h e  loca l  h o r i z o n t a l  and n e g a t i v e  below. Ver- 
t i c a l  v e l o c i t y  components are defined as p o s i t i v e  i n  t h e  downward d i r e c t i o n  
so t h a t  a +S goes wi th  a -vyi .  Hor i zon ta l  v e l o c i t y  components a r e  p o s i t i v e  
i n  t h e  d i r e c t i o n  o f  f l i g h t .  . 
Examination of t h e  components of v e l o c i t y  of  t h e  penetrometer a t  impact 
(F igure  3-6) ,  r e v e a l s  t h a t  t h e  h o r i z o n t a l  and v e r t i c a l  v e l o c i t y  components 
are : 
v = vxi + vx x f  
v = v  + V  + a t  
Yf  Y i  Y 
from which impact v e l o c i t y ,  v i s  found t o  be: f 
impact ang le ,  7 ,  i s  def ined  i n  terms of  impact v e l o c i t y ,  v and t h e  h o r i -  
z o n t a l  impact v e l o c i t y  component a s :  
f '  
vx i  + 'x S i n  = 
f V 
Equations (3) through (6) , and (9) and (10) completely d e f i n e s  a penetrom- 
e t e r  launch f o r  any s i n g l e  p o i n t  i n  t h e  LEM t r a j e c t o r y  (Figure 3-7). A 
t y p i c a l  d i s p l a y  of t h e s e  s ix  equa t ions ,  p r e s e n t s  f l i g h t  t i m e ,  impact ang le ,  
impact v e l o c i t y ,  and range of f l i g h t  as f u n c t i o n s  of launch ang le ,  6 ,  and 
launch v e l o c i t y ,  v i .  This  i s  for a s i n g l e  p o i n t  i n  t i m e  i n  t h e  LEM t r a j -  
e c t o r y  (an o b s o l e t e  t r a j e c t o r y  was used t o  compute t h e s e  d a t a ) .  S ince  i t  
is  d e s i r a b l e  t o  i n v e s t i g a t e  penetrometer launch requi rements  a s  f u n c t i o n s  
of LEM approach p o s i t i o n  ( e f f e c t i v e l y  t i m e ) ,  t h e  s i x  equa t ions  are rede- 
f i n e d  t o  produce a set  of curves t h a t  c o l l e c t i v e l y  d e f i n e  launch r e q u i r e -  
ments f o r  any p o s i t i o n  i n  the LEM approach t r a j e c t o r y .  
Examination of  t h e  s i x  b a s i c  equat ions  i n  l i g h t  of t h e  nominal LEM t r a -  
j e c t o r y  shows t h a t  t h e  p r a c t i c a l  l i m i t s  of impact ang le ,  v, a r e  40' t o  70'. 
This, i n  a d d i t i o n  t o  t h e  knowledge t h a t  accep tab le  impact v e l o c i t i e s  a r e  
l i m i t e d  t o  a maximum of approximately 200 f t / s e c  a i d s  i n  s e l e c t i n g  ll and vf 
a s  independent parameters .  Equations (3) and ( 6 )  are r e t a i n e d  i n  their 
o r i g i n a l  form, and t h e  fo l lowing  fou r  equa t ions  are der ived  by combining 
Equat ions  (3) through (6) and (9) and (10). 
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R = (vf S i n  7) [ J=y 
v = v S in  7) - Vx x i  f 
v = v c o t  6 
x i  y i  
(2) Trade-off Curves .  The above s i x  equa t ions  are shown i n  a master 
curve ma t r ix  of F igure  3-8. Arranging t h e  curves  i n  t h i s  manner a i d s  i n  a 
qu ick  de te rmina t ion  of launch v e l o c i t y  and launch a n g l e  a s  func t ions  of  LEM 
p o s i t i o n  i n  t h e  approach t r a j e c t o r y  and d e s i r e d  penetrometer impact v e l o c i t y .  
To p rese rve  r e s o l u t i o n  o f  t h e  curves ,  however, they are presented  indepen- 
d e n t l y  as F igu res  3-8A through 3-8F. F igu re  3-8 does show t h e i r  i n t e r r e l a -  
t i o n s h i p s  and s h a r i n g  of o r d i n a t e s  and a b s c i s s a s .  The nominal LEM t r a j e c -  
t o r y  parameters of  F igu re  3-9 a r e  i m p l i c i t  i n  F igu re  3-8 by means of  
F igu res  3-8C and 3-8D.  However, t h e  o t h e r  f o u r  curves  c o n s t i t u t i n g  
F igu re  3-8 a r e  independent of approach t r a j e c t o r y .  
Examination of F igu re  3-8A r e v e a l s  t h a t  f o r  t h e  nominal t r a j e c t o r y  shown, 
an  impact v e l o c i t y ,  vf, as low as 200 f t f s e c  cannot be  achieved p r i o r  t o  
t h e  1075 f t  a l t i t u d e  p o i n t .  Fu r the r ,  a v f  of 150 f t / s e c  i s  no t  p o s s i b l e  
u n t i l  an  a l t i t u d e  of about 740 f t  is  reached. 
be a t t a i n e d  u n t i l  a f t e r  t h e  LEM has gone through t h e  Low Gate Po in t  (500 f t  
a l t i t u d e ,  1200 f t  range).  
A 100 f t / s e c  impact cannot 
Looking a t  F igu re  3-8B o f  t h e  matrix, t h e  t i m e  o f  f l i g h t  f o r  t h e  e a r l i e s t  
p o s s i b l e  100 f t / s e c  impact launch (H = 400 f t ,  R = 900 f t  from F igure  3-8A) 
i s  about 12 seconds.  The t i m e  t o  the 200 f t  a l t i t u d e  a t  t h i s  p o i n t  i n  t h e  
t r a j e c t o r y  i s  about 18 seconds,  l eav ing  on ly  6 seconds f o r  d a t a  p rocess ing  
and a n a l y s i s  be fo re  a d e c i s i o n  has t o  be made. 
A s  w i l l  be shown l a t e r  i n  t h i s  d i s c u s s i o n ,  t h e  lower v e l o c i t y  impacts do 
n o t  appear  f e a s i b l e  because o f  t h e  s h o r t  t i m e  a v a i l a b l e  f o r  i n t e r p r e t a t i o n .  
F u r t h e r  examination of  F igu re  3-8A shows t h a t  impact a n g l e s ,  7 ,  a r e  g e n e r a l l y  
between 50 and 60 degrees .  
impact v e l o c i t i e s .  
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TIME TO 200 FT ALTITUDE (SEC) 
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FIGURE 3-9. LEM APPROACH TRAJECTORY 
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F i x i n g  t h r e e  of t h e  
The ma t r ix  i s  used t o  d e f i n e  t h e  requi red  penetrometer launch v e l o c i t y ,  v 
and launch ang le ,  6 ,  f o r  deployment from any p o s i t i o n  i n  t h e  LEM approach 
t r a j e c t o r y  below an a l t i t u d e  of approximately 1000 f t .  
s i g n i f i c a n t  parameters H, R,  t ,  7 and v f  de te rmines  a ? ?  o t h e r  parameters .  
For example, s e l e c t i n g  H = 500 f t ,  R = 1200 f t ,  and v f  = 200 f t / s e c  on 
F igure  3-8A f i x e s  7 = 62O on Curve A and t = 6.8 s e c ,  6 = - 1 7 O ,  and v i  = 
134 f t / s e c  on subsequent curves .  
The nominal range t o  touchdown po in t  f o r  t h e  approach t r a j e c t o r y  i n  F igu re  
3-9 i s  shown a s  a func t ion  of LEM a l t i t u d e  on F igu re  3-8A of t h e  ma t r ix .  
This t r a j e c t o r y  curve and t h e  v f ,  r\ curves  a r e  independent of one ano the r .  
The t r a j e c t o r y  curve i s  p l o t t e d  t o  g ive  a r e f e r e n c e  r a n g e .  The above 
s e l e c t e d  p o i n t ,  500 f t  a l t i t u d e  a t  1200 f t  range ,  i s  t h e  Low Gate Po in t  i n  
t h e  nominal t r a j e c t o r y  used i n  t h i s  a n a l y s i s .  A t  H = 500, R = 1200, and 
v f  = 200 f t / s e c ,  7 i s  62'. Going t o  F igu re  3-8B with t h e  ang le  7 = 620 a t  
R = 1200 and v f  = 200, t i m e  of f l i g h t  i s  found t o  be 6 .8  seconds.  
r e f e r e n c e ,  t h e  t i m e  t o  t h e  200 f t  a l t i t u d e  and t h e  t i m e  t o  touchdown a r e  
shown a s  func t ions  of range  t o  touhdown on F igure  3-8B. Again, t h e s e  t r a -  
j e c t o r y  curves  and t h e  7 ,  vf  curves a r e  independent.  
For 
Using t h e  t i m e  of f l i g h t  from F igure  3-8B and t h e  s e l e c t e d  500 f t  a l t i t u d e ,  
t h e  v e r t i c a l  component of v e l o c i t y ,  V y i ,  i s  found t o  be 40 f t / s e c  on F ig-  
u r e  3-8C. Reference times a r e  shown i n  Curve C a s  f u n c t i o n s  of a l t i t u d e .  
F igu re  3-8C i s  dependent on t h e  LEM approach t r a j e c t o r y  used i n  t h e  a n a l y s i s .  
From Figure  3-8D, t h e  h o r i z o n t a l  component of v e l o c i t y ,  v x i ,  i s  128 f t / s e c  
a t  H = 500 f t  and 7 = 62'. 
approach t r a j e c t o r y .  
F igu re  3-8D i s  a l s o  dependent on t h e  s e l e c t e d  
Using t h e  va lues  of  v y i  and vxi found from F igures  3-8C and 3-8D, t h e  launch 
ang le ,  6 ,  i s  derived from F igure  3-8E. I n  t h i s  c a s e  6 = - 1 7 O .  Using Vyi 
and 6 ,  t h e  launch v e l o c i t y ,  v i ,  i s  found t o  b e  134 f t / s e c  on F igu re  3-8F. 
Both F igu res  8 - E  and F a r e  independent of t h e  LEM approach t r a j e c t o r y .  
(3) Data I n t e r p r e t a t i o n .  Data from t h e  curve  ma t r ix  can be more 
r e a d i l y  understood by r e f e r r i n g  t o  F igu re  3-10 which p r e s e n t s  t h e  launch 
v e l o c i t i e s  and launch ang le s  r equ i r ed  t o  achieve  100, 150 and 200 f t / s e c  
impacts a t  t h e  nominal touchdown p o i n t .  These parameters ,  a long  wi th  
impact ang le  and t i m e  of f l i g h t  a r e  presented  a s  f u n c t i o n s  o f  t i m e  t o  t h e  
200 f t  a l t i t u d e  and a r e  cons t r a ined  t o  t h e  t r a j e c t o r y  shown i n  F i g u r e  3-9.  
A s i g n i f i c a n t  po in t  made by t h i s  f i g u r e  i s  t h a t  t h e  t i m e  a v a i l a b l e  f o r  
a n a l y s i s  of a 100 f t / s e c  impact i s  probably n o t  adequate  f o r  a d e c i s i o n  t o  
be made by t h e  t i m e  t h e  200 f t  a l t i t u d e  i s  reached .  For example, if a 
penetrometer i s  launched a t  18 seconds a t  a v e l o c i t y  of  v i  = 34.5 f t / s e c ,  
f l i g h t  t i m e ,  t F  = 12.5 seconds. The penetrometer w i l l  impact a t  5 . 5  see- 
onds be fo re  t h e  200 f t  a l t i t u d e  i s  reached .  
seconds) t o  record an impact and 2 seconds t o  p rocess  t h e  s igna1 ,on ly  3 








seconds i s  l e f t  t o  t h e  a s t r o n a u t  t o  make a d e c i s i o n  based on t h e  d a t a  from 
one penetrometer. 
seconds l a t e r  or one second be fo re  t h e  200 f t  a l t i t u d e  i s  reached. This 
i s  shown i n  Table 3 .6  and compared wi th  150 and 200 f t / a e c  impact launches.  
Also shown i n  Table 3 .6  a r e  v e h i c l e  a l t i t u d e s  and ranges a t  launch and 
impact. 
launch of 4 penetrometers.  
Data from a second penetrometer would be a v a i l a b l e  two 
These l a t t e r  d a t a  a r e  from F igure  3-9. Table 3.6 i s  f o r  a s i n g l e  
It i s  i n t e r e s t i n g  t o  cons ide r  a two s a l v o  mode where two penet rometers  a r e  
f i r e d ,  t h e  d a t a  d i sp l ayed ,  and then two more are f i r e d .  R e f e r r i n g  t o  
F igu re  3-10 and us ing  t h e  200 f t / s e c  impact cu rves ,  t h e  d a t a  i n  Table 3 .7  
can be developed. Again, t h e  ground r u l e s  f o r  d a t a  handl ing  a r e :  500 
mi l l i second allowance f o r  r eco rd ing  impact d a t a  and 2 seconds f o r  proces-  
s i n g  d a t a  from each penetrometer.  
I f  t he  second sa lvo ,  Table 3 .7 ,  were delayed u n t i l  8 seconds be fo re  t h e  
200 f t  a l t i t u d e  p o i n t ,  t h e  times a v a i l a b l e  f o r  d a t a  a n a l y s i s  would read: 
Pen. ill, 7.5 sec; Pen. 82,  5 .5  s e c ;  Pen. iD, 2 s e c ;  Pen. # 4 ,  0 sec .  
F igu re  3-11 i s  a c r o s s  p l o t  of F igu re  3-10 showing launch and impact param- 
e t e r  v a r i a t i o n s  wi th  t ime f o r  a cons t an t  launch v e l o c i t y ,  V i  = 50 f t / s e c .  
This curve i s  based on 4 p o i n t s  f o r  each parameter and i s  shown only t o  
i n d i c a t e  d a t a  t rends .  Impact v e l o c i t y ,  launch ang le ,  and f l i g h t  t i m e  d e -  
c r ease  s t e a d i l y  a s  launch t i m e  i s  de layed .  Table 3 .8  summarizes d a t a  f o r  
launches a t  t h e  extremes. 
( 4 )  Summary 
Impact v e l o c i t i e s  t h a t  a r e  compatible wi th  t h e  
200 f t  a l t i t u d e  d e c i s i o n  p o i n t  v a r y  between 
approximately 150 and 200 f t / s e c .  
For t h e  LEM t r a j e c t o r y  used i n  t h i s  s tudy ,  t h e  
penetrometers cannot be launched be fo re  t h e  
1075 f t  a l t i t u d e  p o i n t  i s  reached wi thou t  exceed- 
ing 200 f t / s e c  a t  impact. 
Very low impact v e l o c i t i e s  (100 f t / s e c  o r  less) 
do n o t  appear t o  be a t t a i n a b l e  w i t h i n  t h e  con- 
s t r a i n t s  of t h i s  s tudy  . 
Impact angle  a t  t h e  a t t a i n a b l e  impact v e l o c i t i e s  
i s  l i m i t e d  t o  between 540 and 620 from t h e  
v e r t i c a l .  
No s i g n i f i c a n t  g a i n  i n  d a t a  a n a l y s i s  t i m e  i s  real-  
ized by launching penet rometers  p r i o r  t o  Low Gate.  
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Jr 
Time a t  
TABLE 3.7 
TWO SALVO LAUNCH 
Jr 
Time a t  
JrJr 
T i m e  Avai lab le  t o  C r e w  f o r  
Salvo Launch Impact Data Analys is  (Sec) 
(Sec) (Sec) Pen. V 1  Pen. #2 Pen.113 Pen. 114 
-- -- 1 38.5 18 4.5 2.5 
2 11.0 7 -- -- 4.5 2.5 
Jr 
Time i s  time remaining b e f o r e  200 f t .  a l t i t u d e  p o i n t  i s  reached.  
Time a v a i l a b l e  f o r  a n a l y s i s  of t h e  f i r s t  two penetrometers  w a s  
a r b i t r a r i l y  chosen t o  a l low a s i m i l a r  t i m e  f o r  a n a l y s i s  of  t h e  3rd & 














COMPARISON OF CONSTANT LAUNCH VELOCITY 
TRAJECTORY PARAMETERS 
vi = 5 0  f t / s e c  
7k >k 
Launch Launch Impact Impact T i m e  A v a i l a b l e  t o  C r e w  f o r  
T ime  
(Sec) (Degrees) (F t /Sec)  (Degrees) Pen #l Pen #2 Pen #3 Pen 84 
Angle Veloc i ty  Angle Data Analys is  (Sec) 
58 15.5 13.5 11.5 9.5 38 60 200 
1 6  -8 118 58 6.0 4.0 2.0 0 
7k 




The small g a i n  i n  a n a l y s i s  t i m e  t h a t  r e s u l t s  
from launch p r i o r  t o  Low Gate i s  accompanied by 
an i n c r e a s e  i n  impact v e l o c i t y .  
Launch ang le s  range approximately between 60 
above and 20' below t h e  l o c a l  h o r i z o n t a l .  
0 
The launcher  w i l l  r e q u i r e  launch a n g l e  c o n t r o l  
by computer l o g i c  to  achieve  p r e c i s e  range 
c o n t r o l ,  u n l e s s  the  e x a c t  a l t i t u d e  range, h o r i -  
z o n t a l  v e l o c i t y ,  v e r t i c a l  v e l o c i t y ,  and v e h i c l e  
a l t i t u d e  a t  t h e  launch p o i n t  a r e  f ixed  q u a n t i t i e s .  
Launcher "muzzle ve loc i ty"  ranges approximately 
between 30 and 130 f t l s e c  depending on launch 
p o i n t  and d e s i r e d  impact v e l o c i t y .  
A s i n g l e  simultaneous launch of a l l  penetrom- 
eters r e q u i r e s  t h a t  a l l  impact a t  n e a r l y  t h e  
same v e l o c i t y  and impact angle.  
Two l aunches ,  of h a l f  t h e  penetrometers a t  each 
launch, r e s u l t s  i n  an impact v e l o c i t y  d i f f e r e n c e  
between t h e  two f l i g h t s  of up t o  80 f t / s e c .  
T ime  a v a i l a b l e  t o  t h e  crew f o r  d a t a  a n a l y s i s ,  
p r i o r  t o  reaching  the  200 f t  a l t i t u d e ,  can be a s  
long as 1 6  sec .  
b. Cont ro l  E l e c t r o n i c s .  I t  appears p r a c t i c a l  t o  des ign  the  launchers  
t o  provide  a f i x e d  impulse t o  t h e  Penetrometers r e g a r d l e s s  of when they a r e  
launched. But s i n c e  t h e  penetrometers must impact w i th in  a given landing  
a r e a  (LEM f o o t p r i n t )  t h e  ang le  of  launch must be v a r i e d  t o  account f o r  
changing  launch a l t i t u d e  and range. I f  t h e  launch ang le  i s  he ld  f ixed  
r e l a t i v e  t o  t h e  LEM, t h e r e  i s  only one t i m e  i n  t he  t r a j e c t o r y  when t h e  
Penet rometers  can be  launched. This would r e q u i r e  a completely automatic 
systein wi th  no o p t i o n  f o r  launching by t h e  crew. This does not appear 
d e s i r a b l e .  Therefore ,  a v a r i a b l e  s i g n a l  w i l l  be generated t o  c o n t r o l  a 
s e r v o  t h a t  r e g u l a t e s  t h e  launch angle  of t h e  pod.  (Adjus t ing  t h e  LEM 
p i tchback  ang le  i n  o r d e r  t o  launch Penetrometers i s  n o t  pe rmi t t ed ) .  This 
a l lows  a v a r i a b l e  time of launch wi th in  t h e  c o n s t r a i n t s  of the  t r a j e c t o r y .  
The e q u a t i o n s  o f  t h e  Penetrometer t r a j e c t o r y  have been der ived  i n  t h e  
p rev ious  s e c t i o n  and a r e  repea ted  below wi th ,  i n  some c a s e s ,  new symbols. 
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2 A  T - - = O  
v + vv 
V 
a a T2 + 2 
2 2 2 
V -t VH v = v  M 
v = v  c o s 6  H M  
Where 
A: LEM a l t i t u d e  
VH: 
Vv: 
a: LEM p i tchback  ang le  r e l a t i v e  t o  h o r i z o n t a l  r e f e r e n c e  
T: LEM t i m e  t o  go t o  touchdown 
R: LEM h o r i z o n t a l  range  t o  touchdown 
LEM h o r i z o n t a l  component of v e l o c i t y  
LEM v e r t i c a l  component of  v e l o c i t y  
v H' 
vv: 
v a Penetrometer t o t a l  muzzle v e l o c i t y  r e l a t i v e  t o  LEM M' 
6 :  Penetrometer launch ang le  r e l a t i v e  t o  h o r i z o n t a l  r e f e r e n c e  
T: Penetrometer t i m e  o f  f l i g h t  t o  impact 
v :  Penetrometer impact v e l o c i t y  
7 :  
a:  G r a v i t a t i o n a l  f i e l d  
Penetrometer h o r i z o n t a l  component of launch  v e l o c i t y  r e l a t i v e  t o  LEM 
Penetrometer v e r t i c a l  component launch v e l o c i t y  r e l a t i v e  t o  LEM 
Penetrometer impact ang le  r e l a t i v e  t o  l o c a l  v e r t i c a l  
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Those t h a t  must be used t o  d e r i v e  t h e  launch ang le  a r e  Equations (15),  (16 ) ,  
(19) and (20) a s  shown i n  F igu re  3-12. S ince  some of the  same i n p u t s  are 
a l s o  r equ i r ed  t o  so lve  f o r  t h e  t h e o r e t i c a l  impact v e l o c i t y  and impact angle ,  
they a r e  solved here. These d a t a  a r e  cont inuous ly  r e v i s e d  a s  t h e  LEM f l i e s  
along t h e  t r a c k .  The l a t t e r  two parameters a r e  necessary  i n i t i a l  cond i t ions  
t o  the  Data Processor  subsystem. I f  t h e  t i m e  o f  f l i g h t  of  t he  Penetrometer 
i s  c a l c u l a t e d  t o  be g r e a t e r  than  t h a t  of t h e  LEM, t h e  launch c i r c u i t  i s  i n -  
h i b i  t ed .  
I n  a t y p i c a l  arrangement, t h e  c o n t r o l  e l e c t r o n i c s  would have an i n p u t  t o  
t h e  Disp lay  Subsystem t o  i n d i c a t e  when a Penetrometer has  been launched, 
as shown i n  F igu re  3-13. A s  soon a s  t h e  launch occur s ,  b u t  be fo re  the 
Penetrometer t r a n s m i t t e r  i s  turned on, t h e  launch lamp i s  l i g h t e d .  However, 
a s  soon a s  an r - f  s i g n a l  i s  received and i t s  rms v a l u e  exceeds a p r e d e t e r -  
mined th re sho ld  f o r  more than  1 second a one-shot m u l t i - v i b r a t o r  i n h i b i t s  
t h e  launch lamp and l i g h t s  t h e  s i g n a l  lamp, As soon as t h e r e  i s  a d a t a  
s i g n a l  from t h e  impacting penetrometer,  t h e r e  i s  a s i g n a l  a t  XI which 
i n h i b i t s  t h e  s i g n a l  lamp. The q u a l i t y  of s u r f a c e  i s  d i sp layed  wi th in  two 
seconds on ano the r  lamp bank. 
The c o n t r o l  c i r c u i t  sequences an  e l e c t r o n i c  commutator through t h e  proper 
channels a s  soon as Penetrometers a r e  launched. I f  more than  one a r e  
launched s imul taneous ly ,  then  t h e  Data Processor  i s  a l t e r n a t e l y  connected 
t o  each  channel f o r  2 seconds.  During t h e  2-second i n t e r v a l  t h a t  a s i n g l e  
channel i s  i n t e r r o g a t e d ,  a l l  o f  the  o u t p u t s  from t h e  d e c i s i o n  c i r c u i t  i n  
t h e  Data P rocesso r  a r e  monitored through an OR g a t e  so t h a t  a s  soon as d a t a  
a c t i v a t e s  t h e  d i s p l a y  conso le ,  t h e r e  i s  a pulse from t h e  OR g a t e  back t o  
t h e  commutator sequencer.  This d e a c t i v a t e s  t h a t  swi tch  p o s i t i o n  so t h e  
channel i s  n o t  n e e d l e s s l y  monitored aga in .  
The commutator sequencer i s  cont inuous ly  updated a s  t o  which Penetrometers 
have been launched. 
about t o  r e c e i v e  d a t a  o r  t hose  t h a t  have rece ived  d a t a  but  have no t  as y e t  
had i t  processed .  
The swi tch  cyc le s  through only those  channels t h a t  a r e  
A s  soon a s  t h e  swi tch  i n t e r r o g a t e s  a channel i t  must reset a l l  o f  t h e  d a t a  
p r o c e s s o r  c i r c u i t s  t o  t h e  p rope r  i n i t i a l  c o n d i t i o n s  f o r  t h a t  channel .  As 
soon a s  a launch occur s ,  t h e o r e t i c a l  v a l u e s  of impact v e l o c i t y  vI and ang le  
f o r  t h a t  Penetrometer m u s t  be temporar i ly  s t o r e d  f o r  use by t h e  Data Pro- 
c e s s o r .  F igu re  3-14 shows t h e  gene ra l  manner by which t h i s  i s  accomplished. 
A ho ld ing  c i r c u i t  r e t a i n s  these  va lues  i n d e f i n i t e l y .  The c i r c u i t  may be 
i n t e r r o g a t e d  many t i m e s  be fo re  t h e  d a t a  i s  a c t u a l l y  used. S ince  t h e  exac t  
form of both vI and ll are undefined a t  t h i s  t i m e ,  t h e  type  of nondes t ruc t  
ho ld ing  c i r c u i t  i s  n o t  s p e c i f i e d .  
c .  Launcher Tip-of f .  A b r i e f  a n a l y s i s  was made t o  i n v e s t i g a t e  t h e  
e f f e c t  of penetrometer deployment on LEM a t t i t u d e  rates. 
r o l l  r a t e s  in t roduced  by a 4-penetrometer s a l v o  were determined f o r  each of 




























two l o c a t i o n s  of t h e  launcher  shown i n  F igu re  3 - 1 5 .  The two l o c a t i o n s  a r e  
(1) above t h e  f ixed  forward l e g  b races ,  and ( 2 )  above a f i x e d  s i d e  l e g  
b race .  P i t c h  r a t e s  only a r e  introduced a t  t h e  forward l o c a t i o n s  whi le  
both yaw and r o l l  r a t e s  a r e  introduced a t  t h e  s i d e  l o c a t i o n .  The sense  of  
t h e  yaw and r o l l  r a t e s  shown i n  Table 3 . 9  a r e  n o t  i n d i c a t e d ,  because i t  i s  
assumed t h e  launcher  can be  loca ted  a t  e i t h e r  s i d e  thereby  caus ing  yaw and 
r o l l  i n  e i t h e r  d i r e c t i o n .  
The va lues  i n  Table 3 . 9  a r e ,  hopefu l ly ,  worst  c a s e s .  The launches  used i n  
t h i s  a n a l y s i s  achieve an impact v e l o c i t y  of 200 f t l s e c  which r e q u i r e s  t h e  
h ighes t  expected launch v e l o c i t y ,  and t h e r e f o r e  i n t r o d u c e  the h i g h e s t  1 
a t t i t u d e  r a t e s .  
The forward s t r u t  may no t  be a good l o c a t i o n  because of  launcher  i n t e r -  
f e rence  wi th  t h e  a s t r o n a u t ' s  ex i t  from t h e  v e h i c l e  a f t e r  touchdown. I f  
t h e  yaw and r o l l  r a t e s  in t roduced  by t h e  s i d e  loca ted  launcher  a r e  n o t  
accep tab le ,  an a l t e r n a t e  approach would be t o  deploy 2 penetrometers simul- 
taneous ly  from each s i d e  l o c a t i o n .  T h i s  approach would r e s u l t  i n  a heav ie r  
system but  would in t roduce  no a t t i t u d e  r a t e s  du r ing  launch .  
(1) Der iva t ion .  Change i n  r o t a t i o n  r a t e  of a f r e e  body i s  given by: 
Where : 
w = I n i t i a l  r o t a t i o n  r a t e ,  r a d i a n s l s e c  
I = Angular impulse, l b - f t - s e c  
J = Mass moment of i n e r t i a ,  s l u g - f t  
Angular impulse, I,, i s  t h e  product of t o rque  and t h e  t i m e  t h e  to rque  a c t s .  
I n  t h e  case  o f  penetrometer launch, t h e  ( f o r c e  x time) p o r t i o n  o f  angular  
impulse i s  a f u n c t i o n  of t h e  mass of t h e  penetrometer and t h e  v e l o c i t y  





V i t F d t  = m J  dV 
0 0 -  
F t  = mv i 
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ATTITUDE RATES INDUCED BY PENETROMETER LAUNCH 
(4  PENETROMETER SALVO) 
.k 
Rol l  Launcher Launch Time Pi tchup Pitchdown Yaw 
Locat i o n  (Sec) (Deg/Sec). lDep/Sec) (DedSec )  (Deg/Sec) 
Front  Brace T-38 -- -- -- 0.2 
Front  Brace T-24 0.9 -- -- -- 
-- 1.0 0.2 
-- 2.5 0.9 
S i d e  Brace T-38 -- 
S i d e  Brace T-24 -- 
J; 
Launch t i m e  i s  r e l a t ive  t o  t h e  t i m e  t h e  200 f t  a l t i t u d e  is  reached. 
T-38 sec. i s  t h e  ea r l i e s t  t i m e  a 200 f t / s ec  impact can be obtained.  
T-24 i s  Low Gate p o s i t i o n .  
3-5 1 
Where : 
F = f o r c e  appl ied t o  each penetrometer ,  l b  
t = t i m e  f o r c e  i s  a p p l i e d ,  seconds 
m = mass of penetrometer,  s l u g s  
v = muzzle v e l o c i t y  of penetrometer ,  f t l s e c  
Allowing L t o  equal  t h e  moment arm of t h e  f o r c e  a c t i n g  t o  impart  an a t t i t u d e  
r a t e  t o  t h e  LEM, t h e  angular  impulse imparted by each penetrometer  is:  
i 
Ia = F x t x L = ( m i ) &  L ,  (23) 
where t h e  t e r m  ( m v i ) &  i s  t h e  component of impulse t h a t  a c t s  on moment arm 
L .  (mvi)b 
a n g l e ,  6 .  
i s  a f u n c t i o n  of launcher  l o c a t i o n  v e h i c l e  a t t i t u d e ,  and launch 
(2)  Launcher Locat ions.  Two launcher  l o c a t i o n s  a r e  examined, one 
on t o p  of t h e  forward f i x e d  landing  gear  brace ,  and t h e  o t h e r  above t h e  
s i d e  b r a c e .  The moment arm L i s  estimated t o  be 9 . 5  f t  f o r  bo th  l o c a t i o n s .  
The launcher imparted l a t e r a l  and v e r t i c a l  f o r c e s  r e l a t i v e  t o  t h e  v e h i c l e  
coord ina te  system a r e  f u n c t i o n s  of launch t i m e .  Two launch t i m e s  a r e  
s e l e c t e d ,  one p r i o r  t o  Low Gate where t h e  v e h i c l e  p i tchback  angle  i s  assumed 
t o  be 4 4 O  and one a t  Low Gate where t h e  p i tchback  angle  i s  1l0. 
For t h e  forward launcher  l o c a t i o n ,  t h e  l a te ra l  component of f o r c e  ( re la t ive  
t o  t h e  v e h i c l e )  i s  assumed t o  p a s s  through t h e  c e n t e r  of g r a v i t y  and n o t  
impart  an a t t i t u d e  rate. The v e r t i c a l  f o r c e  i s  found t o  be: 
a t  Low Gate ( - 2 4  seconds r e l a t i v e  t o  t h e  200 f t  a l t i t u d e  p o i n t , )  and: 
(mi> 6 
Sin  16' 0 t FV = F S i n  16 
= 
a t  -38 seconds.  S u b s t i t u t i n g  Equat ions ( 4 )  and (5) i n t o  (3) f o r  fou r  3 .5  l b  
penetrometers  a t  134 f t / s e c  a t  -24 seconds,  and a t  50 f t l s e c  a t  -38 s e c ,  
t h e  angular  i m p u l s e s  f o r  t h e  forward s t r u t  l o c a t i o n  i s  found t o  be: 
I = 252 l b - f t  s ec  a t  -24 seconds ( p i t c h  up) a 
'a = 57.1  l b - f t - s e c  a t  -38 seconds ( p i t c h  down) 
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For t h e  s i d e  launch l o c a t i o n ,  t h e  l a t e r a l  f o r c e  produces a yawing motion, 
w h i l e  t h e  ve r t i ca l  f o r c e  produces a r o l l i n g  motion. The same a n g l e s  (27O 
and 16') also apply t o  t h i s  l o c a t i o n .  The a n g u l a r  impulses f o r  s a l v o  
launch of 4 penetrometers  a t  vi = 134 f t / s ec  (-24 sec) and vi  = 50 f t / s e c  
(-38 sec) are found t o  be: 
I = 252 l b - f t - s e c  a t  -24 seconds ( r o l l )  
Ia = 495 l b - f t - s e c  a t  -24 seconds (yaw) 
I = 57.1  l b - f t - s e c  a t  -38 seconds ( r o l l )  




(3) LEM Moments of I n e r t i a .  P i t c h ,  yaw, and r o l l  moments of i n e r t i a  
f o r  t h e  LEM a r e  determined assuming t h e  v e h i c l e  t o  be  approximated by a 
s o l i d  c y l i n d e r  13 f t  i n  d iameter ,  15 f t  long,  and weighing 17,000 l b s .  
P i t c h  and r o l l  moments a r e  given by 
2 2 (3r2 + h ) = 16,000 s l u g - f t  Jm ( p i t c h  o r  r o l l )  = - - 1 w  
12 g 
The yaw moment i s  found by: 
2 Jm (yaw) = - - r2  = 11,200 s l u g  f t  
2 g  
(4) Induced A t t i t u d e  Rates .  S u b s t i t u t i n g  t h e  moments of i n e r t i a  
and t h e  proper v a l u e s  of  angular  impulse i n t o  Equation ( 2 1 ) ,  and assuming 
t h e  i n i t i a l  r o t a t i o n  r a t e  wo t o  be z e r o ,  t h e  p i t c h ,  yaw and r o l l  r a t e s  
summarized i n  Table  3 .9  a r e  computed. 
d .  Launcher Thermal Control.  A b r i e f  a n a l y s i s  was made t o  s p e c i f y  
The system c o n s i s t s  of a super  i n s u l a t i o n  
thermal  c o n t r o l  t o  maintain penetrometer b a t t e r y  temperature  a t  a nominal 
+ 50OF d u r i n g  Cis lunar  t r a n s i t .  
b l a n k e t  t h a t  completely surrounds t h e  launcher  and t h e  penetrometers  p l u s  
a 0 . 2  wat t  r e s i s t a n c e  h e a t e r  and a 6 . 4  o z ,  1 .56 v o l t  w e t - c e l l  b a t t e r y .  
The super  i n s u l a t i o n  b l a n k e t ,  NRC-2 o r  e q u i v a l e n t ,  i s  approximately 0.35 i n .  
t h i c k  and weighs approximately 0.37 l b .  The h e a t e r  o p e r a t e s  i n t e r m i t t e n t l y  
throughout  t h e  Earth-Moon o r b i t  phase. A b imeta l  switch provides  t h e  re- 
qui red  c o n t r o l  t o  main ta in  t h e  temperature w i t h i n  s p e c i f i e d  l i m i t s .  
The h e a t e r  and i n s u l a t i o n  a r e  conserva t ive ly  s i z e d  cons ider ing  complete 
exposure t o  space w i t h  no h e a t  input  from e i t h e r  t h e  sun o r  LEM v e h i c l e .  
The launcher  temperature  i s  found wi th  t h e  package exposed t o  t h e  Sun t o  
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determine  i f  a cool ing requirement  ex is t s ;  no c o o l i n g  requirement e x i s t s .  
The r equ i r ed  heat  i npu t  w i l l  v a r y ,  however, a s  t h e  package i s  a l t e r n a t e l y  
exposed t o  Sun and d a r k  space ,  hence t h e  b imeta l  swi tch .  
(1) I n s u l a t i o n  -- Heater  Trade-of fs .  Thelauncher  i n s u l a t i o n  pack- 
age i s  assumed t o  be a r ec t angu la r  box 10 i n .  x 10 i n .  x 5 i n .  with t h e  
h e a t e r  c e n t r a l l y  loca t ed .  The launcher ,  penetrometers  and inne r  s u r f a c e  
of t h e  i n s u l a t i o n  are assumed t o  be i so the rma l .  With no e x t e r n a l  h e a t  
i n p u t ,  and wi th  a view f a c t o r  t o  o u t e r  space of  one,  t h e  equ i l ib r ium h e a t  
ba lance  is :  
Where : 
q = Heater  ou tput ,  BTU/hr 
K 2 = I n s u l a t i o n  thermal  conduc t iv i ty ,  BTU/hr-Or-ft / i n  
X = I n s u l a t i o n  th i ckness ,  i n  
Ti = I n n e r  package temperature  = 50'F = 510°R 
0 T = Outer  i n s u l a t i o n  s u r f a c e  tempera ture ,  R 
0 
€ = I n f r a r e d  e m i s s i v i t y  of o u t e r  s u r f a c e  = 0.05 
A = s u r f a c e  a rea  of package ( o u t e r  and i n n e r  s u r f a c e  a r e a s  assumed t o  
be equa l  
0 = Stefan-Boltzman Constant  
The equa t ion  i s  shown i n  F igu re  3-16 f o r  t h r e e  v a l u e s  of thermal  conduc- 
t i v i t y .  Experience has  shown t h a t  a conduc t iv i ty  of about  3 x i s  
a t t a i n a b l e  and the  t e n t a t i v e  des ign  poin t  i s  shown a t  t h a t  v a l u e .  A more 
d e t a i l e d  s tudy could show an  o v e r a l l  system weight d e c r e a s e  by i n c r e a s i n g  
i n s u l a t i o n  th ickness  s l i g h t l y .  
(2) Temperature of Launcher i n  D i r e c t  Sun l igh t .  The s e l e c t e d  des ign  
i s  analyzed with d i r e c t  s o l a r  h e a t  i n p u t  t o  de te rmine  i f  e q u i l i b r i u m  t e m -  
p e r a t u r e  i n  t h i s  ca se  i s  t o o  h i g h .  Assuming t h e  Sun ' sees '  one 10 i n .  x 
10 i n .  s i d e  and a l l  o t h e r  s i d e s  see d a r k  space  ( aga in  n e g l e c t i n g  h e a t  
exchange between LEM and Launcher),  package e q u i l i b r i u m  tempera tures  are  
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= Area of package exposed t o  d a r k  space 
= Temperature of a l l  e x t e r n a l  s u r f a c e s  n o t  looking a t  Sun 
= Temperature of launcher and inner  s u r f a c e  of i n s u l a t i o n  
= 10 x 10 i n .  a r e a  o f  package exposed t o  Sun 





(y = Solar  a b s o r p t i v i t y  of o u t e r  s u r f a c e  = 0.12  
and a l l  o t h e r  parameters are  a s  prev ious ly  d iscussed .  
simultaneous equat ions a r e  solved t o  f i n d :  






= - 9 1  F Ti 
The f a c t  t h a t  the i n t e r n a l  temperature  i s  lower t h a n  d e s i r e d ,  shows t h a t  
h e a t  input  i s  required whether t h e  package i s  i n  sun o r  shadow. 
e .  Number o f  Penetrometers .  Expressions f o r  t h e  p r o b a b i l i t y  of  
success  of a landPng on t h e  moon a r e  given f o r  d i f f e r i n g  mission def in-  
i t i o n s  and r e l i a b i l i t y  c o n s i d e r a t i o n s .  From t h e s e  e x p r e s s i o n s ,  t h e  number 
of penetrometers requi red  f o r  a predetermined p r o b a b i l i t y  of success  can 
be evaluated a s  a f u n c t i o n  of t h e  a p r i o r i  p r o b a b i l i t y  t h a t  a p o i n t  on t h e  
Moon's s u r f a c e  w i l l  s u s t a i n  a landing.  






- The number of penetrometers  employed 
- The a p r i o r i  p r o b a b i l i t y  t h a t  a p o i n t  on t h e  Moon's s u r f a c e  
w i l l  s u s t a i n  a landing.  
- The p r o b a b i l i t y  ( r e l i a b i l i t y )  t h a t  a pene t rometer  w i l l  r e p o r t  
c o r r e c t l y  t h e  s t a t e  ( i . e . ,  w i l l  o r  w i l l  n o t  s u s t a i n  a landing)  
of a po in t  on t h e  Moon's s u r f a c e .  
- The p r o b a b i l i t y  of t h e  landing miss ion  s u c c e s s .  
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. .  
Case 1. 
Case 2 .  
Case 3 .  
Case 4 .  
Case I, 
Penetrometer r e l i a b i l i t y  ignored , success  be ing  def ined  a s  a t  
l e a s t  one penetrometer  i n d i c a t i n g  a p o i n t  which w i l l  s u s t a i n  a 
landing.  
Penetrometer  r e l i a b i l i t y  ignored with success  be ing  def ined  a s  
a t  l e a s t  one a c c e p t a b l e  landing s p o t  being found. This  may be 
accomplished by ' n '  penetrometers ,  o r  f a i l i n g  t h i s ,  t h e  a s t r o -  
n a u t s  may - i n  e f f e c t  - e l e c t  t o  make t h e  LE24 t h e  '+l' i t e m ,  
t h u s  i n d i c a t i n g  t h e  p r o b a b i l i t y  t h a t  one a d d i t i o n a l  sample w i l l  
i n d i c a t e  a success .  
Success def ined  a s  a t  l e a s t  one penetrometer i n d i c a t i n g ,  although 
n o t  n e c e s s a r i l y  c o r r e c t l y ,  t h a t  a p o i n t  on t h e  Moon's s u r f a c e  
w i l l  s u s t a i n  a landing.  Furthermore,  f o r  t h e  landing p o i n t  
s e l e c t e d ,  t h e  penetrometer c o r r e c t l y  r e p o r t s  t h e  landing capa- 
b i  l i t y  . 
n 
Ps - Pr 1 - (1 - PG) 
where PG, t h e  p r o b a b i l i t y  t h a t  a penetrometer  w i l l  i n d i c a t e ,  
c o r r e c t l y  or n o t ,  t h a t  a p o i n t  w i l l  s u s t a i n  a landing ,  i s  d e t e r -  
mined from 
= P P + (1 - Pg) (1 - Pr) 'G g r 
Success def ined  a s  e i t h e r  t h a t  which i s  def ined  i n  Case 3 ,  o r ,  
i f  no penetrometers  i n d i c a t e  a s u i t a b l e  landing p o i n t ,  a n  a r b i -  
t r a r y  chosen a d d i t i o n a l  p o i n t  -- as i n  Case 2 -- w i l l  sus- 
t a i n  t h e  landing.  
Equat ion (28) ,  i s  shown i n  F igure  3-17. (Because of t h e  s i m i l a r i t y  
between Equations (28) and ( 2 9 ) ,  Case- I1  i s  i m p l i c i t l y  shown i n  F igure  3-17). 
Not ice  t h a t  mission success  i s  never c e r t a i n  w i t h  u n i t  p r o b a b i l i t y .  The 
number of penetrometers  requi red  t o  s a t i s f y  an i n c r e a s e  i n  t h i s  requirement ,  
grows very  r a p i d l y .  On a s u r f a c e  t h a t  i s  70 percent  good, only two pene- 
t r o m e t e r s  are necessary  f o r  90 percent  success .  A success  of 99 percent  
demands twice t h e  number of measurements, o r  4 samples. On a 50-50 s u r f a c e ,  
4 penet rometers  will y i e l d  a mission success  of about  0 . 9 4 .  F o r  l a c k  of 
d e f i n i t i v e  d a t a  about t h e  s u r f a c e ,  t h e r e  appears t o  b e  a reasonable  se l ec -  
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3 .2 .3  COMMUNICATIONS 
a .  I n t r o d u c t i o n .  Severa l  a l t e r n a t e  approaches have been cons idered  
f o r  both r e c e p t i o n  of Penetrometer d a t a  and r e t r ansmiss ion  of  t h e s e  d a t a  
t o  Ea r th .  Both a d i r e c t  Penetrometer-LEM communications l i n k  and an in-  
d i r e c t  l i n k  u t i l i z i n g  t h e  o r b i t i n g  CSM a s  a r e l a y  have been i n v e s t i g a t e d .  
The impact upon system weight and complexity v e r s u s  t h e  o p e r a t i o n a l  s i m p l i -  
f i c a t i o n s  r e s u l t i n g  from a s a l v o  f i r i n g  i n  l i e u  of a s e q u e n t i a l  launch has  
been cons idered .  
e l i m i n a t i n g  d i v e r s i t y  r ecep t ion  techniques wi th  t h e  a t t e n d a n t  r educ t ions  i n  
system weight and complexity. For  r e t r ansmiss ion  of t h e  a c c e l e r a t i o n  s i g -  
na tu res  t o  E a r t h ,  both d i r e c t  LEM -MSFN t r ansmiss ion  and i n d i r e c t  LEM t o  
CSM t r ansmiss ion  f o r  subsequent CSM r e l a y  t o  t h e  MSFN have been i n v e s t i g a t -  
e d .  The t r a d e - o f f s  made and conclusions reached i n  each of t h e s e  a r e a s  a r e  
presented  be low. 
A pre l iminary  look h a s  been taken a t  t h e  p o s s i b i l i t y  of 
b.  Penetrometer Data Reception Trade-of fs .  
(1) D i r e c t  Link Versus CSM Relay. An e a r l y  look was taken a t  t h e  
p o s s i b i l i t y  of u t i l i z i n g  t h e  o r b i t i n g  CSM f o r  r e c e p t i o n  and r e t r ansmiss ion  
t o  t h e  LEM of t h e  Penetrometer-derived a c c e l e r a t i o n  ve r sus  t i m e  s i g n a t u r e s .  
Such an i n d i r e c t  l i n k  would enable  t h e  removal of  t h e  weight of t h e  sounding 
probe communication subsystem from t h e  LEM and p l a c i n g  i t  upon t h e  CSM, 
where weight i s  somewhat less c r i t i c a l .  (F igure  3-18 i l l u s t r a t e s  t h e  poten- 
t i a l  i n d i r e c t  Penetrometer/CSM/LEM communications l i n k . )  This  r e l a y  tech- 
d i r e c t l y  t o  t h e  MSFN, thus  e l imina t ing  an i n t e r f a c e  wi th  t h e  LEM S-band 
communications system. 
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Unfor tuna te ly ,  an i n v e s t i g a t i o n  of t h e  t r ansmiss ion  range c a p a b i l i t y  of t h e  
Penet rometers  r e v e a l s  t h a t  t h e i r  RF ou tpu t  power f a l l s  cons iderably  s h o r t  
o f  meeting t h e  requirements f o r  t ransmiss ion  ove r  t h e  100 n a u t i c a l  mi l e  
s l a n t  range t o  t h e  o r b i t i n g  CSM. 
c a l c u l a t i o n s  f o r  both Penetrometer-to-LEM and Penetrometer-to-CSM t r a n s -  
mission l i n k s .  The former l i n k  assumes a nominal 1200 f o o t  s l a n t  range  
from t h e  Penetrometer t o  the  LEM a t p e n e t r o m e t e r  impact. 
margin c a l c u l a t i o n s  f o r  t h i s  l i n k ,  which assume d i v e r s i t y  r e c e p t i o n  on- 
board t h e  LEM w i l l  exceed t h e  minimum requirement by a nominal 28.2 db .  
However, t h e  c i r c u i t  margins f o r  the Penetrometer-CSM communications l i n k  
a r e  inadequate  by more than  28 d b .  
p rec ludes  t h e  use  of t h i s  relay communications mode, even i f  b e t t e r  CSM 
antenna  ga in  and h i g h e r  ou tpu t  Penetrometer t r a n s m i t t e r  power a r e  cons idered .  
Table 3-10 summarizes t h e  c i r c u i t  margin 
The c i r c u i t  
This  degree  of inadequacy completely 
(2) Salvo Versus Sequen t i a l  Launch Cons ide ra t ions .  Salvo launching 
of m Penet rometers  a s  opposed t o  s e q u e n t i a l  f i r i n g  has  d i s t i n c t  o p e r a t i o n a l  
advantages .  Simultaneous launching of a l l  t h e  Penetrometers e a r l y  i n  t h e  




PENETROMETER DATA TRANSMISSION 
SIGNAL MARGIN CALCULATIONS 
7. Receiving C i r c u i t  Loss 
8. Received S i g n a l  Power 
Parameter 
- 1 .0  3.5 
-84.3 dbw -144.4 dbw 
1. Penetrometer RF Output 
2. Transmi t t ing  C i r c u i t  Loss 
Nominal Value (db)  
A. D i rec t  Penetro-  B. I n d i r e c t  Penetro-  
met er- t o  -LEM Link meter t o  CSM Link 
- 3.0 dbw - 3.0 dbw 
1 I - 1.0 - 1.0 
3. Transmi t t ing  Antenna Gain - 3.0 
4. P o l a r i z a t i o n  Loss 1 - 3.0 
5. Space Loss ( a t  450 MHz) 
6. Receiving Antenna Gain 
- 3.0 
- 3.0 
-77.8 (1 /5  N. mi le )  -130.9 
+ 4.5 0.0 
9. Receiver Noise Bandwidth 
(700 kHz) 
58.5 db*Hz 58.5 db*Hz 
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18. 
Noise S p e c t r a l  Density 
Received Noise Power 
Required Threshold SNR 
Required S igna l  Power 
SNRif (8 minus 1 2 )  
( a t  7000 g )  
SNRout 
(a t  50 g )  
Margin ( a t  50 g )  
Margin (carr ier)  (8 minus 
14) 
-204.0 dbw/Hz -204.0 dbw/Hz 
-130.5 dbw -139.5 dbw 
+ 23.5 db + 23.5 db 
-107.0 dbw -116.0 dbw 
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analyze  t h e  r e s u l t i n g  impact d a t a .  A s i n g l e ,  s a lvo  f i r i n g  s i g n i f i c a n t l y  
reduces t h e  ope ra t iona l  t a s k s  imposed upon t h e  LEM crew over  t h e  t a s k s  re- 
qui red  f o r  s e q u e n t i a l  launching. However, a requirement f o r  s a l v o  launching 
imposes cons iderable  weight,  volume, and complexity p e n a l t i e s  upon t h e  
Sounding Probe System. 
For a launch of m Penetrometers s imul taneous ly ,  a s e p a r a t e  r e c e i v e r ,  scan- 
n ing  d i v e r s i t y  s e l e c t i o n  c i r c u i t ,  m u l t i p l e x e r  p o r t ,  and s u b c a r r i e r  demod- 
u l a t o r  a r e  r e q u i r e d  f o r  each Penetrometer.  
requi red  t o  enable  s e q u e n t i a l  p rocess ing  of t h e  s e v e r a l  impact d a t a  t r a c e s  
rece ived  simultaneously.  The time d e l a y  d e v i c e ,  o r  r eco rde r ,  a l s o  enab le s  
s e q u e n t i a l  r e t r ansmiss ion  of t h e  a c c e l e r a t i o n  d a t a  t o  t h e  MSFN. 
A t i m e  d e l a y  device  i s  a l s o  
R e l i a b i l i t y  and communication l i n k  s i g n a l  q u a l i t y  may a l s o  be  a f f e c t e d  by 
a s a l v o  launch des ign .  I f  a simple power d i v i d e r  t ype  m u l t i p l e x e r  i s  used 
( a s  i s  contemplated f o r  i t s  weight advantages) each a d d i t i o n a l  m u l t i p l e x e r  
channel reduces t h e  amount of s i g n a l  a v a i l a b l e  t o  each r e c e i v e r .  The t i m e  
de l ay  dev ice  i n  s e r i e s  w i th  t h e  o t h e r  communications func t ions  has an 
adverse r e l i a b i l i t y  e f f e c t  , 
The ope ra t iona l  advantages i n  salvo Penetrometer launching may prove t o  
outweigh t h e  d isadvantages  l i s t e d  above. However, a q u a n t i t a t i v e  t r ade -  
o f f  s tudy  i s  required be fo re  t h e  f i n a l  choice  of s a l v o  v e r s u s  s e q u e n t i a l  
launching i s  made 
(3) D i v e r s i t y  Switching. The p re l imina ry  conceptua l  des ign  f o r  t h e  
Sounding Probe communications subsystem u t i l i z e s  scanning d i v e r s i t y  recep- 
t i o n  of d a t a  from each Penet rometer .  This an tenna  s e l e c t i o n  technique  
r e q u i r e s  a d d i t i o n a l  equipment, however, and f u r t h e r  i n v e s t i g a t i o n  of  t h e  
n e c e s s i t y  f o r  d i v e r s i t y  r e c e p t i o n  should be made p r i o r  t o  f i n a l  s e l e c t i o n  
of s y s t e m  des ign .  
A d i v e r s i t y  r ecep t ion  system i s  d e s i r a b l e  due t o  t h e  random o r i e n t a t i o n  a 
Penetrometer may have a t  impact. Depending upon t h e  "look angle' '  t o  t h e  
Penet rometer ,  t h e  p o l a r i z a t i o n  s t a t e  e x h i b i t e d  by i t s  t r ansmi t t ed  RF 
c a r r i e r  can be r i g h t  c i r c u l a r ,  l i n e a r  (any d i r e c t i o n ) ,  l e f t  c i r c u l a r ,  o r  
any in t e rmed ia t e  degree of e l l i p t i c a l  p o l a r i z a t i o n .  Hence, t h e r e  e x i s t s  
a f i n i t e  p r o b a b i l i t y  t h a t  t h e  p o l a r i z a t i o n  l o s s e s  e x h i b i t e d  between a 
Penetrometer and a s i n g l e  r e c e i v i n g  antenna onboard t h e  LEM, r e g a r d l e s s  of 
t h e  l a t t e r ' s  p o l a r i z a t i o n  s e n s e ,  w i l l  be  too  h i g h  t o  enab le  adequate 
r ecep t ion .  
To minimize t h i s  p r o b a b i l i t y  , t h e  conceptua l  d e s i g n  f o r  t h e  Sounding Probe 
u s e s  two or thogonal ly  p o l a r i z e d  an tennas .  A r e c e i v e r  may be  connected t o  
e i t h e r  of t h e  two antennas through i t s  scanning  d i v e r s i t y  s e l e c t i o n  c i r c u i t .  
This  c i r c u i t  i s  e s s e n t i a l l y  a t h re sho ld  s e l e c t i o n  d e v i c e ,  i . e . ,  i t  senses  
t h e  inpu t  s i g n a l  s t r e n g t h  t o  i t s  a s s o c i a t e d  r e c e i v e r .  When t h i s  s i g n a l  
3- 6 2  
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l e v e l  drops  below a f i x e d ,  predetermined l e v e l ,  t h e  d i v e r s i t y  s e l e c t i o n  
c i r c u i t  au tomat i ca l ly  swi tches  the  r e c e i v e r  over t o  o p e r a t e  on t h e  o t h e r  
antenna. A s i m p l i f i e d  b lock  diagram of a t y p i c a l  scanning d i v e r s i t y  
antenna s e l e c t i o n  c i r c u i t  i s  given i n  F igure  3-19. 
A d i v e r s i t y  system such a s  t h e  one desc r ibed  above has  cons ide rab le  impact 
upon equipment complexity wi th  the  a t t e n d a n t  weight,  volume, and r e l i a b i l -  
i t y  p e n a l t i e s .  An e x t r a  an tenna ,  feed system, and mul t ip l exe r  i s  requi red .  
I n  a d d i t i o n ,  a s e p a r a t e  EW swi t ch ,  swi tch  d r i v e r  c i r c u i t ,  and r e c e i v e r  
s i g n a l  l e v e l  s ens ing  c i r c u i t  i s  requi red  f o r  each r e c e i v e r  channel.  Hence, 
i f  t h e  n e c e s s i t y  f o r  d i v e r s i t y  switching could be e l imina ted ,  cons ide rab le  
weight sav ings  and system s i m p l i f i c a t i o n  could be achieved. 
The fundamental ques t ion  t o  be answered be fo re  cons ide r ing  t h e  d e l e t i o n  of 
d i v e r s i t y  r e c e p t i o n  i s :  what i s  the p r o b a b i l i t y  of a Penetrometer impact 
w i th  such an adverse  o r i e n t a t i o n  t h a t  adequate s i g n a l  margins no longer  
e x i s t ?  i . e . ,  over  what p o r t i o n  of t h e  " look  angle' '  sphe re  would t h e  antenna 
n u l l s  a s  seen by a s i n g l e ,  l i inearly po la r i zed  r e c e i v i n g  antenna be so  deep 
as t o  drop t h e  received s i g n a l  s t r e n g t h  below t h e  minimum requi red  thresh-  
o ld  l e v e l ?  The answer t o  t h i s  ques t ion  i s  a func t ion  of both Penetrometer 
antenna p a t t e r n  and t h e  system c i r c u i t  margins r e l a t i v e  t o  an  i d e a l ,  0 db 
g a i n  Penetrometer t r a n s m i t t i n g  antenna g a i n .  I n  Table 3.10 i t  was shown 
t h a t  a nominal p o s i t i v e  c i r c u i t  margin of 28 .2  db exis ts  wi th  a - 3  db 
t r a n s m i t t i n g  antenna g a i n  and a - 3  db  p o l a r i z a t i o n  l o s s .  Hence, antenna 
p a t t e r n  n u l l s  of almost +35 d b  r e l a t i v e  t o  i s o t r o p i c  must occur be fo re  t h e  
rece lved  s i g n a l  drops below t h e  acceptab le  l e v e l .  Moreover , t h i s  margin 
i s  based upon a r ece iv ing  system not u t i l i z i n g  a low n o i s e  p r e a m p l i f i e r .  
With such a preamp, antenna n u l l s  below 40 db would have t o  occur be fo re  
t h e  s i g n a l  becomes unacceptab le .  Such extreme n u l l s  a r e  h igh ly  improbable, 
and i t  i s  recommended t h a t  q u a n t i t a t i v e  measurements be made of t h e  Pene- 
t rome te r  antenna p a t t e r n s  t o  determine t h e  p ropor t ion  of t h e  sphere  con- 
t a i n i n g  t h e s e  n u l l s .  I f  t h i s  p ropor t ion  i s  s u f f i c i e n t l y  smal l ,  considera- 
t i o n  should be g iven ,  based upon o v e r a l l  system r e l i a b i l i t y  p r e d i c t i o n s ,  
t o  s i m p l i f y i n g  t h e  r e c e i v i n g  system by removing t h e  d i v e r s i t y  r e c e p t i o n  
f e a t u r e .  
c .  LEM Communication C a p a b i l i t i e s  f o r  Transmi t t ing  Sounding Probe 
Data To Ea r th .  For t r ansmiss ion  t o  E a r t h ,  analog Penetrometer d a t a  i s  
acqui red  from t h e  downstream s i d e  of t h e  e l e c t r o n i c  commutator i n  t h e  Data 
P r o c e s s o r .  Data w i l l  no t  be received on Ear th  u n t i l  i t  i s  s imul taneous ly  
be ing  processed;  i t  may be he ld  i n  t h e  queuing c i r c u i t  f o r  many seconds. 
However, i t s  purpose on Ea r th  i s  merely t o  monitor and record  f o r  l a t e r  
d e t a i l e d  a n a l y s i s .  A l l  d a t a  w i l l  be acqui red  p r i o r  t o  t h e  LEM reaching  t h e  
200-foot a l t i t u d e .  I f  i t  proves d e s i r a b l e  t o  t r ansmi t  t h e  computed v a l u e s  
of impact v e l o c i t y  and impact angle a long  wi th  the  impact d a t a ,  a l l  m u s t  be 
tagged t o  i d e n t i f y  t h e  Penetrometer channel.  A s  eng inee r ing  d a t a ,  i t  i s  
probably  d e s i r a b l e  t o  t r ansmi t  the i n p u t s  t h a t  go t o  t h e  c o n t r o l  e l e c t r o n i c s  
t h a t  a r e  obta ined  from t h e  LEM nav iga t iona l  computer. Launch ang le ,  d a t a  
3763 
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generated by t h e  i n i t i a l  condi t ion  gene ra to r  i n  the  Data Processor ,  and 
inpu t s  t o  t h e  Display,  and va r ious  check p r i n t s  i n  t h e  Data Processor  may 
a l s o  be of  i n t e r e s t  on Ea r th .  Several  of t hese  d a t a  may a l r eady  be pro- 
grammed f o r  t r ansmiss ion  v i a  t h e  LEM 51.2 KBPS PCM te l eme t ry .  For those  
d a t a  which cannot be handled by the  LEM PCMTE (Pulse  Code Modulation and 
Timing Equipment), s i g n a l  process ing  must be provided w i t h i n  t h e  Data Pro- 
ces so r  t o  enable  t i m e  s h a r i n g  t h e  t ransmiss ion  o f  t h e  d a t a  wi th  t h e  
a c c e l e r a t i o n  t r a c e s .  
A pre l imina ry  i n v e s t i g a t i o n  was made of t he  LEM communication c a p a b i l i t i e s  
a v a i l a b l e  f o r  u se  d u r i n g  landing  t o  t r ansmi t  Sounding Probe d a t a  t o  Ea r th .  
The LEM has  two communications methods a v a i l a b l e  f o r  main ta in ing  con tac t  
wi th  t h e  Manned Space F l i g h t  Network (MSFN) dur ing  landing .  The primary 
method u t i l i z e s  a d i r e c t  S-band t ransmiss ion  l i n k  with t h e  MSFN, The back- 
up mode u t i l i z e s  t h e  o r b i t i n g  CSM a s  a r e l a y .  These EU? l i n k s  a r e  i l l u s t r a t e d  
i n  FTgure 3-20. 
(1) Direct Link.  The d i r e c t  l i n k  S-band c a r r i e r  i s  phase modulated 
by 1.25 MHz v o i c e  and 1.024 MHz t e lemet ry  s u b c a r r i e r s .  The des ign  of  t h e  
communication equipment i s  somewhat i n f l e x i b l e ,  making i t  d i f f i c u l t  t o  add 
another  s u b c a r r i e r  d i r e c t l y  on the  c a r r i e r  t o  c a r r y  t h e  penetrometer  d a t a .  
The 1.25 MHz v o i c e  s u b c a r r i e r  c a p a b i l i t y  i s  normally used du r ing  luna r  s t a y  
a c t i v i t i e s  t o  r e l a y  s u i t  and biomed d a t a  from t h e  ex t r a -veh icu la r  crewmen. 
It i s  a v a i l a b l e  du r ing  landing f o r  t r a n s m i t t i n g  penetrometer  d a t a .  The 
a c c e l e r a t i o n  t r a c e  from a penetrometer can be modulated on to  a 12.5 KHz 
(Channel 1C) cons t an t  bandwidth SCO. Th i s  SCO, i n  t u r n ,  can be summed with 
the  crew's  vo ice  and t h e  composite used t o  modulate t h e  1.25 MHz vo ice  sub- 
c a r r i e r .  Th i s  method of t r a n s m i t t i n g  penetrometer  d a t a  can be e a s i l y  irnple- 
mented wi th  l i t t l e  impact upon the  p re sen t  LEM communication system des ign .  
Use of t h i s  technique i s  cont ingent  upon the c a p a b i l i t y  t o  t r ansmi t  t h e  
d a t a  from t h e  s e v e r a l  penetrometers  s e q u e n t i a l l y ,  i n s t e a d  of i n  p a r a l l e l .  
I f  t h e  penetrometers  are  launched s e q u e n t i a l l y ,  t h i s  p re sen t s  no problem. 
I f  s a l v o  f i r i n g  i s  used ,  however, t h i s  technique  of t r a n s m i t t i n g  t h e  d a t a  
t o  Ea r th  n e c e s s i t a t e s  a more complex d a t a  record ing  and s e q u e n t i a l  play- 
back. 
communications i n t e r f a c e ,  us ing  t h e  EVA channel ,  f o r  a s a l v o  launch. An 
a l t e r n a t e  t r ansmiss ion  technique  should sa lvo  b e  used would be t o  add a 
t h i r d  s u b c a r r i e r  on t h e  S-band carr ier .  This  s u b c a r r i e r  i n  t u r n ,  would be 
modulated wi th  t h e  number of  SCO's requi red  t o  t r ansmi t  i n  real-time t h e  
d a t a  rece ived  s imul taneous ly  from t h e  penetrometers .  However, cons iderable  
mod i f i ca t ion  t o  t h e  e x i s t i n g  LEM communication equipment would be r equ i r ed .  
F i g u r e  3-21 i l l u s t r a t e s  i n  b lock  diagram form t h e  Sounding Probe LEM 
(2) CSM Relay. F igu re  3-20 i l l u s t r a t e s  t he  two RF l i n k s  a v a i l a b l e  
These c o n s i s t  of a 2-way 296.8 MHz between the  LEM and t h e  o r b i t i n g  CSM. 
VHF/FM simplex vo ice  l i n k  and a 250.7MHz VHF/AM PCM t r ansmiss ion  l i n k .  













t h e  MSFN. Use of  e i t h e r  of  t h e s e  l i n k s  appears  less f e a s i b l e  than  t h e  
d i r e c t  t ransmiss ion  t o  t h e  MSFN, when the  l a t t e r  l i n k  i s  a v a i l a b l e .  When 
i t  i s  not  a v a i l a b l e  (e .g . ,  when t h e  LEM landing t akes  p l ace  on t h e  back 
s i d e  of t h e  moon), both VHF channels  are r equ i r ed  f o r  vo ice  and t e l eme t ry  
d a t a  and hence a r e  no t  a v a i l a b l e  f o r  u se  i n  t r a n s m i t t i n g  penetrometer  d a t a .  
3 , 2 .4  DATA PROCESSING 
S igna l  d a t a  from t h e  senso r s  are  re turned  t o  the  LEM i n  r e a l  t i m e  and a r e  
r ap id ly  processed.  The e x t r a c t e d  informat ion  i s  then  presented t o  t h e  LEM 
crew i n  a manner t h a t  r e q u i r e s  minimum i n t e r p r e t a t i o n  t o  a s s i m i l a t e .  Pre- 
s e n t i n g  the  raw d a t a  i t s e l f ,  t he  acce le ra t ion - t ime  h i s t o r y ,  i s  inappropr i -  
a t e  s i n c e  i t  d e t r a c t s  from t h e i r  d u t i e s  t o  ana lyze  t h e  t r a c e .  Rather ,  t h e  
a n a l y s i s  i s  mechanized and presented  on a s imple d i s p l a y  console .  
There a r e  d i s t i n c t  advantages t o  both analog and d i g i t a l  readout .  A d i s -  
crete  golno-go d i s p l a y  demands l ea s t  i n t e r p r e t a t i o n  t i m e  bu t  t r a n s f e r s  
l i t t l e  informat ion .  Th i s  i s  u n s a t i s f a c t o r y  i f  t h e r e  i s  t i m e  and a d e s i r e  
by t h e  crew t o  have a d d i t i o n a l  knowledge. What i s  needed i s  a n  i n d i c a t i o n  
of how bad i s  bad and how good i s  good. This  can be p a r t i a l l y  obta ined  by 
having a go/maybe/no-go readout  d i s p l a y  o r  even up t o  f i v e  l e v e l s .  Beyond 
t h i s  t h e r e  may be much confus ion .  A l t e r n a t e l y ,  an  ana log  readout  g iv ing  a 
cont inuous readout range a l lows  f o r  f u r t h e r  i n t e r p r e t a t i o n ,  bu t  i t s  d a t a  
i s  not  a s s imi l a t ed  a s  quick ly  as  t h e  s imple 2- o r  3 - s t a t e  d i g i t a l  d i s p l a y .  
The des ign  t h a t  a l lows  f o r  bo th  of  t h e s e  r eadou t s  s a c r i f i c e s  n e i t h e r  of 
t h e  merits of t h e  o t h e r .  This  i s  s i m i l a r  t o  t h a t  used on  a vacuum tube  
tes te r ;  a continuous readout  from a p o i n t e r  a t t a c h e d  t o  an  ana log  meter 
and backed up with l i g h t s ,  t h e  c o l o r  and l o c a t i o n  of which are  i n d i c a t i v e  
of t h e  amount of meter d e f l e c t i o n .  
Transforming an a c c e l e r a t i o n  p r o f i l e  t o  s a t i s f y  t h e  d i s p l a y  i s  t h e  func- 
t i o n a l  requirement of  t h e  Data Processor  subsystem, With i n p u t s  from t h e  
r e c e i v e r ,  t h e  LEM n a v i g a t i o n a l  computer and t h e  c o n t r o l  e l e c t r o n i c s  pro- 
v i d i n g  t h e  i n i t i a l  c o n d i t i o n s ,  an  ou tpu t  i s  provided t h a t  i s  i n d i c a t i v e  of 
s u r f a c e  l a n d a b i l i t y .  This  may be done wi th  t h e  d a t a  as i t  occurs  n a t u r a l l y  
i n  ana log  fash ion ,  o r  i t  may be put  through a n  a n a l o g - t o - d i g i t a l  conve r t e r  
t o  be sampled, quant ized ,  and encoded so  t h a t  d i g i t a l  o p e r a t i o n s  can be  
performed. 
of  t h e  d a t a  would have t o  be d i g i t i z e d  and s t o r e d  p r i o r  t o  performing 
ope ra t ions  on i t .  The de lay  may only  be  seconds but  could be  s u f f i c i e n t l y  
long t o  o f f s e t  any sav ings  i n  weight t h a t  i t  would o f f e r  through t h e  u s e  of 
mic ro -e l ec t ron ic s .  The r e s u l t s  of t h i s  t r ade -o f f  w i l l  have t o  await a com- 
p l e t e  a n a l y s i s  o f  t h e  weights  and volumes of  each .  
The l a t t e r  would most l i k e l y  no t  occur  i n  r ea l  t i m e  s i n c e  a l l  
The s tudy presented he re  i s  more one of  l o g i c  than  mechanizat ion.  It func- 
t i o n a l l y  desc r ibes  t h e  o p e r a t i o n s  r equ i r ed  on t h e  d a t a  and demonst ra tes  t h e  
gene ra l  way t h i s  i s  accomplished i n  analog c i r c u i t r y .  With d i g i t a l  c i r c u i t s  
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t h e  s t e p s  a r e  t h e  same but  r ep resen t  ope ra t ions  t h a t  are s t o r e d  i n  a d i g i t a l  
computer a s  a preprogrammed subrout ine .  I n  c o n t r a s t ,  what i s  descr ibed  h e r e  
i s  an analog computer with switching g a t e s .  
The Data P rocesso r  descr ibed  i n  the fo l lowing  s e c t i o n  i s  designed assuming 
t h a t  a l l  Penetrometers a r e  r e tu rn ing  d a t a  s imul taneous ly .  This p l aces  t h e  
l a r g e s t  load requirements on i t s  ope ra t ion .  E i t h e r  a mul t i -channel  p rocesso r  
can be used or temporary s t o r a g e  with a s i n g l e  process ing  channel m u s t  be 
provided. For i l l u s t r a t i v e  purposes t h e  l a t t e r  i s  shown. Furthermore,  of 
t he  many measurements t h a t  may be made on the  d a t a ,  only t h r e e  have been 
chosen f o r  d i s c u s s i o n  he re .  They a r e  performed concur ren t ly  so t h a t  i n  t h e  
event  t h a t  one o r  more should l a t e r  be found t o  be i n a p p r o p r i a t e ,  t hey  may 
e a s i l y  be d e l e t e d .  The t h r e e  parameter equa t ions  appear a t  t h i s  t i m e  t o  
be t h e  most l i k e l y  cand ida te s .  
a .  Queuinq. The analog s i g n a l  i n t o  t h e  r e c e i v e r  may r e p r e s e n t  t h e  
simultaneous r ecep t ion  of a c c e l e r a t i o n  d a t a  from a m u l t i p l i c i t y  of Pene- 
t r o m e t e r s .  This  p l aces  t h e  most severe o p e r a t i n g  requi rements  on t h e  
e l e c t r o n i c s  and normally i s  from t h e  s a l v o  launching. Even r i p p l e  f i r i n g  
i s  no b e t t e r  s i n c e  t h e  one launched f i r s t  may have longer f l i g h t  t i m e  than  
the  one launched l a s t  d u e  t o  e i t h e r  t h e  LEM a t t i t u d e  o r  s u r f a c e  contours  
o r  both.  The r e c e i v e r  s e p a r a t e s  these i n t o  d i s c r e t e  channels .  I n  o rde r  
' t o  conserve  weight and volume, only one computer i s  provided s o  t h a t  t h e r e  
must be some means f o r  s t o r i n g  da ta  a s  suggested i n  F igu re  3-22. 
I n  ana log  systems a convenient means of s h o r t  term s t o r a g e  i s  an  e q u i v a l e n t  
d e l a y  l i n e  (magnetic t a p e ,  r o t a t i n g  d i s k ,  e t c . )  t h a t  continuou'sly cyc le s  
t h e  d a t a .  I f  t he  d a t a  i s  no t  recycled too  many t i m e s  and t h e r e  i s  l i t t l e  
s i g n a l  a t t e n u a t i o n ,  t hen  no r e juvena t ion  i s  r e q u i r e d .  Otherwise,  s i g n a l  
enhancement wi th  low n o i s e  f i g u r e  may be in t roduced  i n  t h e  feedback look. 
F i g u r e  3-23 i l l u s t r a t e s  a queuing c i r c u i t  t o  accommodate a s i g n a l  i n  t h e  
i t h  channel t h a t  consumes no more than  400 m i l l i s e c o n d s .  There i s  one of 
t h e s e  c i r c u i t s  f o r  each of  m channels.  To p l ace  the  s i g n a l  i n  t h e  "loop" 
a swi t ch  i s  c losed  10 msec p r i o r  t o  t h e  s i g n a l  and opened 20 msec a f t e r  t h e  
s i g n a l .  The cyc le  t i m e  i s  one second which a l lows  f o r  a t  l e a s t  470 msec of 
dead t i m e  i n  t h e  loop. I f  t h e r e  were no o t h e r  c o n t r o l  between t h e  de l ay  
l i n e  and the  au tomat ic  commutator, then t h e  l a t t e r  would have t o  be a c c u r a t e l y  
timed so t h a t  i t  would n o t  swi tch  i n t o  a channel and b reak  i n t o  t h e  acce le r -  
a t i o n  p r o f i l e ,  thus  miss ing  p a r t  of t h e  beginning .  S ince  t h e  s i g n a l s  i n  t h e  
m channels  a r e  random i n  length  and have random s t a r t i n g  t imes with r e s p e c t  
to each other ,  i t  would be too  complex t o  program t h e  au tomat ic  commutator 
t o  swi t ch  i n t o  a channel dur ing  a dead t ime of t h e  loop. The c o n t r o l  t h a t  
i s  shown allows a queuing c i r c u i t  to  be connected t o  t h e  d a t a  processor  and 
t h e  e n t i r e  s i g n a l  t r a n s f e r r e d  without i n t e r r u p t i o n .  
S i n c e  t h e  ganged commutator a l s o  places a continuous s t e p  on t h e  AND g a t e  
i t  on ly  r e q u i r e s  t h a t  t h e  s i g n a l  t r i p  t h e  g a t e  t h a t  swi tches  s t a t e  of a 



















g a t e  t o  open for  0 .9  second even i f  t h e  s i g n a l  i s  removed from t h e  AND g a t e .  
Assuming no time de lay  nor  phase change from t h e  112-second t a p  on t h e  
de l ay  l i n e  t o  opening of t h e  t r ansmiss ion  g a t e ,  means t h a t  t h e  400 msec 
s i g n a l  does not g e t  t o  t h e  d a t a  processor  u n t i l  500 msec l a t e r .  A t  most, 
a 400-msec s i g n a l  passes  through before  t h e  g a t e  c l o s e s .  The commutator 
i s  programmed t o  spend two seconds on each channel ,  even though t h e  max- 
imum d u r a t i o n  s i g n a l  i s  only 400 msec. This a l lows  about one second f o r  
t h e  d a t a  processor  t o  o p e r a t e  on t h e  d a t a ,  a c t i v a t e  t h e  d i s p l a y  conso le ,  
and reset c i r c u i t s  t o  be r e c e p t i v e  f o r  t h e  next  channel of  d a t a .  There- 
f o r e ,  t h e  c i r c u l a t i n g  de lay  l i n e  and loop must be completely dra ined  of 
t h e  s i g n a l  du r ing  the  f i r s t  tim t h e  g a t e  i s  opened o r  e lse  t h e  AND g a t e  
w i l l  reopen 100 msec l a t e r  and w i l l  e f f e c t i v e l y  be an i n t e r f e r e n c e  i n  t h e  
d a t a  processor  f o r  a subsequent channel.  However, a s  a p recau t iona ry  
measure and i n  case  t h e r e  a r e  some t r a n s i e n t s  i n  t h e  loop t h a t  may inad- 
v e r t e n t l y  open t h e  AND g a t e ,  t h e  f l i p - f l o p  has  a de l ay  of 5 seconds i n  
i t s  s t a b l e  s t a t e  be fo re  being t r i g g e r e d  aga in ,  so t h a t  i t  should only open 
t h e  t ransmiss ion  g a t e  once f o r  t h e  commutator. 
The 30 msec delay l i n e  a l lows  t ime f o r  r e s e t i n g  c i r c u i t s  be fo re  a ( t )  a r r i v e s  
f o r  p rocess ing .  
b .  I n i t i a l  Conditions.  An a c c e l e r a t i o n - t i m e  p r o f i l e  m u s t  be ana lyzed ,  
parameters measured and d e c i s i o n s  made a s  t o  whether t h e s e  v a l u e s  i n d i c a t e  
t h e  s u r f a c e  i s  o r  i s  not  accep tab le  f o r  LEM l and ing .  Fundamentally, t h e  
d a t a  p rocesso r  i s  a s  shown i n  F igure  3-24. Success ive  i n t e g r a t i o n  of t h e  
a c c e l e r a t i o n  a ( t )  p rovides  t h e  v e l o c i t y  v ( t )  and p e n e t r a t i o n  p ( t )  of t h e  
Penetrometer i n t o  the  Moon a s  i n d i c a t e d  i n  F igu re  3-25. Opera t ions  on 
t h e s e  d a t a  must y i e l d  d i s c r e t e  parameter v a l u e s  which i n  t u r n  a r e  weighted, 
compared and c o r r e l a t e d  t o  y i e l d  one of a se t  of d e c i s i o n s  t o  a d i s p l a y .  
The parameter measurements must be i n c l u s i v e  and t h e  complete o p e r a t i o n  
must provide  f o r  a c o r r e c t  d e c i s i o n  on every conce ivable  s u r f a c e  whether 
i t  be homogeneous, a mixture ,  o r  l aye red .  To do t h i s  t h e  p rocesso r  h a s  
been designed t o  expose t h e  d a t a  t o  tes ts  t h a t  s ea rch  f o r  t h e  fo l lowing  
t h r e e  p i eces  of in format ion:  
(1) Determine t h e  e x i s t e n c e  of a l a y e r  w i th  d e n s i t y  y 
accep tab le  f o r  t h e  LEM. 
(2) Determine t h e  e x i s t e n c e  of a l a y e r  w i t h  b e a r i n g  
s t r e n g t h  o accep tab le  f o r  t h e  LEM. 
(3) Determine i f  an accep tab le  l a y e r  i s  a t  an accept -  
a b l e  depth f o r  t h e  LEM. 
To do t h i s ,  t h ree  parameters of t h e  t i m e  p r o f i l e s  a r e  compared wi th  t h o s e  
t h a t  have been determined t o  be  accep tab le  f o r  t h e  LEM. F igu re  3-25 i l l u s -  
t r a t e s  t h e  standard v a l u e s  ay ,  %, and pFg. 
a r e  each dependent upon t h e  impact v e l o c l t y  vI and impact ang le  7 of t h e  
F i g u r e  3-26 i n d i c a t e s  tha t  they 
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. .  
Penetrometer on t h e  Moon. T h e o r e t i c a l  i n p u t s  are provided by t h e  c o n t r o l  
computer. The t h r e e  th re sho ld  va lues  are cont inuous ly  updated i n  f l i g h t ,  
bu t  r e q u i r e  t h a t  a t h e o r e t i c a l  t r ans fo rma t ion  c h a r a c t e r i s t i c  be known p r i o r  
t o  launch. Minimum accep tab le  va lues  of d e n s i t y  Yri,in and hardness  Omin arid 
maximum depth png must be uniquely r e l a t e d  t o  VI and 1. 
To e s t a b l i s h  t i m e  and amplitude bases ,  t h e  pu l se  occur r ing  a t  to i s  generated 
when a ( t )  exceeds a low p r e s e t  v a l u e  a t .  
g e n e r a t e  v ( t )  and p ( t )  as shown i n  F igure  3-27. Note t h a t  a ( t )  i s  delayed 
an a d d i t i o n a l  30 msec t o  a l low t h e  i n i t i a l  cond i t ion  gene ra to r  t o  set  t h e  
proper  th reshold  va lues .  The purpose of t h e  feedback loop around t h e  f i r s t  
i n t e g r a t o r  i s  not on ly  f o r  convenience t o  s t o p  i n t e g r a t i o n ,  bu t  a l s o  t o  
determine t h e  s p e c i f i c  t i m e  when v ( t )  has  diminished t o  a sma l l  f r a c t i o n  
of  VI. This time i s  used l a t e r  t o  l o c a t e  the  t a i l - o f f  i n  a ( t ) .  
T h i s  p lus  vI and a ( t )  a r e  used t o  
c .  C r i t e r i a .  For a g iven  vI and 7 ,  t h e  t i m e  a l lowable  f o r  a ( t )  t o  
reach a i s  des igna ted  t l .  
generated and i s  des igna ted  X1. 
I n  F igure  3-28, a p u l s e  from to t o  to + t l  i s  Y 
I n  F igu re  3-29, a pu l se  i s  generated i f  a ( t )  exceeds ay .  
be fo re  t o  + t l ,  t h e  d u r a t i o n  of t h e  output  X2 must  extend beyond to + t l ;  
a f t e r  t h a t  i t  may be stopped anywhere. A r b i t r a r i l y ,  i t  i s  stopped 400 msec 
a f t e r  s t a r t i n g  s i n c e  i t  i s  not  a n t i c i p a t e d  t h a t  tl w i l l  eve r  exceed 400 msec. 
S i m i l a r l y ,  i f  a depth g r e a t e r  than  t h e  no-go depth Png i s  exceeded, a p u l s e  
i s  generated a t  t h e  time t h i s  occur s ,  
l a s t i n g  f o r  400 msec f o r  t h e  same reasons  a s  above. 
I f  t2 occurs  
t 3 .  F igu re  3-30 shows t h e  ou tpu t  X3 
Each of X 2  and X3 a r e  compared wi th  XI i n  F igu re  3-31. 
d e n s i t y  g r e a t e r  than  Ymin and a t  an a c c e p t a b l e  depth  i s  d e t e c t e d ,  a pu lse  
of d u r a t i o n  ( t o  + t i )  - t 2  i s  gene ra t ed .  
(X2 = 0) o r  it occurs  a t  an unacceptab le  depth  ( t o  + t l  < t 2 )  no p u l s e  i s  
generated a t  X4. I f  t h e  Penetrometer does n o t  go ve ry  d e e p  (X3 = 0 ) )  o r  
if i t  does and i t  t akes  a long t i m e  t o  g e t  t h e r e  ( t o  + t l  < t 3 ) ,  then  no 
pu l se  i s  generated a t  X5. 
I f  a l a y e r  with 
I f  no such l a y e r  i s  d e t e c t e d  
The amplitude of t h e  t a i l  of t h e  a c c e l e r a t i o n  p r o f i l e  b e f o r e  i t  drops  t o  
zero  i s  a measure of bea r ing  s t r e n g t h .  I n  F igu re  3-32, as soon a s  a p u l s e  
appears a t  time t 6 ,  q ( t ) ' i s  compared t o  aa. 
i s  produced a t  x6 f o r  400 msec. 
I f  i t  i s  g r e a t e r ,  then  a p u l s e  
From t h e  previous d i s c u s s i o n  t h e  t h r e e  s e p a r a t e  c r i te r ia  may be expressed 
as fo l lows:  
(1) I f  a ( t )  > a 
d e n s i t y  g r e a t e r  than  ymin i s  w i t h i n  an accept -  
a b l e  depth  f o r  LEM. 
when t < to + t l  then  a l a y e r  w i th  - Y 
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. .  
(2)  I f  a ( t )  > a, when v ( t )  < k l  VI then  a l a y e r  with - 
bear ing  s t r e n g t h  g r e a t e r  than  omin i s  p r e s e n t .  
( 3 )  I f  p ( t )  > Png when t < t o  + t i ,  then  a s o f t  l a y e r  
i s  deeper  than  t h e  L!Z% l i m i t s .  
d .  Decis ion.  A s u r f a c e  i s  e i t h e r  accep tab le  o r  i t  i s  n o t ,  
Therefore ,  i f  a l l  Penetrometer  readings a g r e e ,  t h e  LEM w i l l  e i t h e r  s i n k  
i n t o  an  unacceptable  depth o r  i t  w i l l  n o t .  And when t h e  landing  i s  
f i n i s h e d  i t  w i l l  e i t h e r  be success fu l  o r  i t  w i l l  n o t .  The crew e i t h e r  
g e t s  back t o  Ear th  a l i v e  o r  i t  does n o t .  
such an  even t  i s  no t  a s  c l e a r .  U n c e r t a i n t i e s  a r i s e  n o t  only from t h e  
instrument  but  a l s o  i n  the  t h e o r e t i c a l  models being used.  Therefore ,  on 
the  d i s p l a y  t h e r e  i s  an acceptab le  zone (HARD) an unacceptable  zone (SOFT) 
and an u n c e r t a i n t y  zone (MEDIUM), t h e  l a t t e r  r eg ion  being necessary  because 
of u n c e r t a i n t y  i n  t h e  measurement. 
On t h e  o t h e r  hand, p r e d i c t i n g  
Three d i s c r e t e  r e s u l t s  a r e  t h e  outputs  X4, X5, and xg. 
p r e s e n t ,  t h e  i n d i c a t i o n  i s  good, while a t  X5 a pu l se  i s  bad news. 
p u l s e s  occur  p r i o r  t o  t o  + t l .  
accep tab le  but  t h e  pu l se  may l i k e l y  occur  a f t e r  t o  + t i .  
presence ,  o r  absence,  X4 and X 5  a r e  s t r e t c h e d  by f l i p - f l o p s .  
A t  X4 i f  a p u l s e  i s  
These 
A t  x6 i f  a p u l s e  i s  p resen t  t h e  s u r f a c e  i s  
To c o r r e l a t e  t h e i r  
Each of t h e  t h r e e  ou tpu t s  should b e  weighted r e l a t i v e  t o  each o t h e r  s i n c e  
t h e r e  are  va ry ing  degrees  of confidence i n  t h e  measurements. 
K4, K5 and Kg f o r  u n i t  p u l s e s  X4, X5 and Xg, r e s p e c t i v e l y ,  t he  d e f l e c t i o n  
of a d i s p l a y  meter i s :  
With weights  
meter d e f l e c t i o n  = b i a s  + K X + K5 X5 + K6 X6 .  4 4  
For exahple ,  i f  t h e  depth  i n d i c a t o r  X5 i s  1-112 t i m e s  more r e l i a b l e  than  
t h e  hardness  measurement Xg,  and i f  t h e  l a t t e r  i s  twice a s  r e l i a b l e  as t h e  
d e n s i t y  measurement X4, then  t h e  weights might be IQ = 1, K5 = 3 ,  K6 = 2 .  
With a 1 v o l t  b i a s  t h e  d e c i s i o n  log ic  appears  as i n  Table  3 .11  on a d i s p l a y  
a s  i n  F igu re  3 - 3 3 .  The e x c i t a t i o n  f o r  t h e  lamps and meter a r e  mechanized 
accord ing  t o  F igu re  3 - 3 4 .  O r  d e f l e c t i o n  may be  ass igned  by some o t h e r  
c r i t e r i o n  based upon d a t a  v a l i d i t y  . 
3.2 .5  DISPLAY 
The primary func t ion  of t h e  d i sp lay  i s  t o  i n d i c a t e  t h e  l a n d a b i l i t y  of 
s u r f a c e  a t  t h e  po in t  impacted by each Penetrometer .  It would add f u r t h e r  
v a l u e  t o  t h e  d i s p l a y  i f  i t  were a l s o  a b l e  t o  i n d i c a t e  the  r e l a t i v e  l o c a t i o n  
of each Penetrometer-sampled a rea .  This  secondary f u n c t i o n  w i l l  b e  d i scuss -  
ed f i r s t .  
3-  83 



















N o  Good 
(No Pulse) 












































Hardness I Meter I 
(1 Volt Bias) 
No Good 
(No Pulse) 1 + 0 = 1  
1 + 2 = 3  I ~~ -~ Good (Pulse) 
No Good 
(No Pulse) 1 + 3 = 4  
I 
3 
3- 8 4  
1 
LAMPS 
I ‘ I  
1 













D E F L E C T I O N  
(VOLTS) 
- I  
-6  
- 5  
-4 
-3 
- 2  
-1 
-0 
C O N D I T I O N  
7 




I N I T I A L  














a .  Tracking. I d e a l l y ,  t he  d i s p l a y  should be  a v i s u a l  representa-  
t i o n  of  each deployed Penetrometer i n d i c a t e d  on a topographica l  model o r  
f a c s i m i l e  of t h e  pre- landing  f o o t p r i n t  wi th  ins tan taneous  updat ing f o r  
s p a c e c r a f t  a t t i t u d e ,  p i t c h ,  yaw, and o t h e r  t i m e  dependent f u n c t i o n s .  This 
r e p r e s e n t a t i o n  i n s t a n t l y  i n d i c a t e s  , b o t h  t o  t h e  a s t r o n a u t s  and t o  t h e  MSC, 
t h e  LEM p o s i t i o n  with respec t  t o  range,  azimuth, and remaining t i m e  f o r  
each Penetrometer wi th  a "go" reading,  a s  w e l l  as whether o r  no t  t h a t  
Penetrometer  i s  s t i l l  w i t h i n  range of t h e  LEM, based on remaining on-board 
f u e l .  This  type  of d i s p l a y  r e q u i r e s  a n  imaging d e v i c e ,  f i b e r  o p t i c s ,  t h e  
f u l l  use of t h e  LEM computer, and a complete set  of unique s u b r o u t i n e s .  
It a l s o  r equ i r e s  a d a t a  r a t e  s u b s t a n t i a l l y  g r e a t e r  than  t h e  p r e s e n t  capa- 
b i l i t y .  
A less s o p h i s t i c a t e d  system uses  an updated f o o t p r i n t  f a c s i m i l e  ( t h r e e  
s t e p s  -- 10,000, 2,000 and 100 f o o t  a l t i t u d e s )  which would r e q u i r e  t h e  
a s t r o n a u t  t o  mark t h e  l o c a t i o n  o f  each impact ing Penetrometer by i t s  
number, and i n d i c a t e  t h e  go o r  no-go reading .  The updat ing would i n d i c a t e  
t h e  f o o t p r i n t  f o r  each a l t i t u d e ,  and mental e x t r a p o l a t i o n  would s e r v e  t o  
i n d i c a t e  whether a p a r t i c u l a r  penetrometer was s t i l l  reachable  from t h e  
LEM's p r e s e n t  p o s i t i o n .  
This  system s t i l l  r e q u i r e s  an imaging device  (though a Polaro id  camera 
would be  very  easy t o  use) p l u s  a crayon o r  s i m i l a r  marking too l ,  i n  addi- 
t i o n  t o  t h e  i n d i c a t o r  o r  Landing Aids  panel  f o r  go/no-go readings  on t h e  
ind i v i d u a l  Pene t rome ter  s . 
An even less s o p h i s t i c a t e d  scheme involves  a s k e t c h  pad i n  conjunct ion  wi th  
the  Sounding Probe p a n e l .  The a s t r o n a u t  h u r r i e d l y  ske tches  t h e  impact 
l o c a t i o n s  o f  t h e  Penetrometers  a s  w e l l  a s  p e r t i n e n t  landscape markers.  I n  
t h i s  fash ion  t h e  updat ing i s  cont inuous,  and commencing wi th  a given enve- 
l o p e  a t  a p a r t i c u l a r  a l t i t u d e ,  t he  s i z e  of t h e  f o o t p r i n t  can be i n d i c a t e d  
i n  a manner s i m i l a r  t o  p o l a r  graph paper  techniques .  
The obvious d isadvantage  t o  t h i s  type of l o c a t i n g  system i s  t h a t  i s  r e q u i r e s  
both  v i s u a l  t r a c k i n g  of each Penetrometer from launch t o  impact,  and a 
s u s t a i n i n g  e f f o r t  on t h e  p a r t  of  one o f  t h e  p i l o t s  t o  keep t h e  landing  s i t e s  
i n  view,  p l u s  updat ing h i s  maneuver c a p a b i l i t y  SO t h a t  h e  can determine 
whether he  can reach  a p a r t i c u l a r  Penetrometer a t  any given p o i n t  a long 
t h e  touchdown approach. 
Earth-bound tes ts  ( i n  atmosphere) under less than  optimum viewing condi- 
t i o n s  show t h a t  with normal eyesight  ( c o r r e c t e d  t o  20-20) , a four - inch  
i r i d e s c e n t  sphere  can be  r e a d i l y  seen by an observer  a t  ranges up t o  0 . 4  
s t a t u t e  m i l e s .  Sun a n g l e  i s  t h e  major v a r i a b l e  i n  viewing, wi th  maximum 
c a p a b i l i t y  when t h e  sun i s  a t  t h e  v i e w e r ' s  back and minimum a c u i t y  when 
viewing i n t o  t h e  sun.  The LEM mission p lan  c a l l s  f o r  t h e  s o l a r  subpoint  
t o  be a t  t h e  east  and a t  an a n g l e  of from 15 t o  45 degrees ,  a s s u r i n g  
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l i g h t i n g  cond i t ions  f o r  maximum viewing. 
f o r  t e r r e s t r i a l  d i f f e r e n t i a l  viewing, and i t  i s  assumed t h a t  a s i m i l a r  con- 
d i t i o n  w i l l  e x i s t  on t h e  Moon. The absence of l i g h t  s c a t t e r i n g  atmosphere 
w i l l  n a t u r a l l y  make t h e  landscape s t r o n g e r  i n  c o n t r a s t ,  though probably 
l e s s  va r i ega ted  i n  co lo r ing  o r  hue than  Ear th  t e r r a i n .  It i s  be l ieved  
t h a t  b r i g h t  ( i r i d e s c e n t )  c o l o r s  w i l l  show up a t  l e a s t  a s  we l l  on t h e  Moon 
a s  on Ear th  so long a s  they a r e  i n  d i r e c t  s u n l i g h t .  The use of t h e  co lo r  
d i f f e r e n t i a t i n g  c a p a b i l i t y  i s  intended f o r  r e a l  t i m e  t r a c k i n g  from Pene- 
t rome te r  launch u n t i l  impact. An a d d i t i o n a l  p i e c e  of decision-making 
informat ion  becomes a v a i l a b l e  t o  t h e  a s t r o n a u t  i n  t h i s  mode of  t r a c k i n g ;  
namely, i f  he  t r a c k s  a sphere  down t o  impact and then sees t h a t  i t  bounces 
o f f  t h e  lunarscape ,  a ve ry  important p i e c e  of i n fo rma t ion  has  been gained. 
The combined use of  t h i s  v i s u a l  cue and t h e  Disp lay  panel  i n d i c a t o r  should 
provide  maximum d a t a .  
I r i d e s c e n t  c o l o r s  a r e  s u p e r i o r  
The number of Penetrometers t o  be deployed i s  assumed t o  be f o u r .  This 
does not  appear t o  be too  many f o r  which t o  r e c a l l  p o s i t i o n  and cond i t ion .  
The problem a r i s e s  when t h e  cond i t ions  a r e  mixes of go and no-go. I n  t h e  
event  t h a t  each penetrometer r e p o r t s  a ''go" c o n d i t i o n ,  and t h e  a s t r o n a u t  
can v i s u a l l y  a s s e s s  t h e  a r e a  a s  be ing  appa ren t ly  homogeneous, h i s  concern 
over f i n d i n g  the  exac t  impact po in t  w i th  one of  t h e  LEM footpads  w i l l  be 
smal l  compared t o  t h a t  which he w i l l  have on v a r i e g a t e d  landscape. 
Therefore ,  s ince  au tomat ic  t r a c k i n g  techniques  appear t o  be complex, r e q u i r -  
i n g  much equipment, and manual t r a c k i n g  and record  keeping do n o t  appear 
f e a s i b l e ,  t he  s i n g l e  expedient  of launching 2 sa lvos  of n o t  more than  2 
d i f f e r e n t  colored Penetrometers each i s  an a c c e p t a b l e  mode of o p e r a t i o n .  
b .  Go/No-Go. A d i s p l a y  i n  t h e  LEM cab in  i s  r equ i r ed  t o  provide  t h e  
a s t r o n a u t  with an e l e c t r o n i c  assessment of t h e  go/no-go c o n d i t i o n  f o r  each 
Penetrometer.  One type  would reproduce t h e  e n t i r e  curve  of g- loading  
ve r sus  t i m e  f o r  each penetrometer t o  a l low t h e  a s t r o n a u t  t o  e v a l u a t e  each 
curve independently.  The amount of t r a i n i n g  a s  w e l l  as t h e  t i m e  dur ing  
t h e  descen t  phase requi red  f o r  t he  a s t r o n a u t s  t o  p rope r ty  e v a l u a t e  each 
curve, p lus  t h e  equipment necessary  f o r  t h e  d i s p l a y  w i t h i n  t h e  LEM cockp i t  
would be excess ive  f o r  t h i s  miss ion .  An a l t e r n a t e  method i s  requi red  i n  
which t h e r e  i s  a d e c i s i o n  t o  go o r  n o t  t o  go,  based on t h e  independent re- 
a c t i o n  of each Penetrometer.  
The arrangement of the  Display pane l  i s  shown i n  F i g u r e  3-35 a s  i t  might 
appear p r i o r  t o  t h e  launching of any pene t romete r s .  Each v e r t i c a l  s c a l e  
con ta ins  a th ree-color  i n d i c a t o r  (each c o l o r  be ing  a segment),  p lus  a 
l i n e a r  p o i n t e r  t h a t  ho lds  i t s  d e f l e c t i o n .  I n  a d d i t i o n ,  a p o r t i o n  of t h e  
f i r i n g  c o n t r o l  panel i s  shown. Two modes of Penet rometer  deployment a r e  
a v a i l a b l e  wi th  this  sys t em.  The f i r s t  e n t a i l s  moving t h e  s e l e c t o r  t o  t h e  
d e s i r e d  Penetrometer number (1 -4 ) ,  and t h e  Launch Switch t o  "Launch." This 
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t echnique  i s  t o  p u t  t h e  swi tch  on "launch" and then  r o t a t e  t h e  S e l e c t o r  
from "Off" through 1, 2 ,  3 and 4 ,  thereby  sa lvo ing  t h e  e n t i r e  load of 
Penetrometers.  
c ipa ted  p a t t e r n  of impact based on t i m e  and communication r e s t r a i n t s .  
The mode of deployment s e l e c t e d  i s  dependent on t h e  a n t i -  
An a n a l y s i s  of t h e  bea r ing  s t r e n g t h ,  d e n s i t y  and t i m e  p r o f i l e  i s  made by 
the d a t a  processing subsystem and e l e c t r i c a l  s i g n a l s  s e n t  t o  t h e  d i s p l a y .  
These s i g n a l s  a r e  of two d i s t i n c t  t y p e s ;  namely, (1) a dc  go/no-go s i g n a l  
f o r  each of t he  colored lamps i n  each i n d i c a t o r ,  and (2) an analog ou tpu t  
f o r  d r i v i n g  the  l i n e a r  p o i n t e r .  
The th re sho ld  f o r  t h e s e  two types  of s i g n a l s  i s  coord ina ted  such t h a t  t h e  
i n d i c a t o r  lamp goes on co inc iden t  with t h e  movement of t h e  l i n e a r  p o i n t e r .  
The reason f o r  t h i s  i s  t h a t  t he  l i g h t e d  i n d i c a t o r  g ives  an immediate v i s u a l  
s t imulus  t o  denote t h a t  a t h re sho ld  v a l u e  has  been reached, whereas t h e  
p o i n t e r  opera tes  on a continuous s c a l e  and thus  shows by how f a r  a p a r t i c -  
u l a r  th reshold  has  been exceeded. The two independent readout  mechanisms 
a l s o  provide  a check and ba lance  f o r  each o t h e r ,  t hus  i n c r e a s i n g  t h e  
a s t r o n a u t ' s  confidence a t  a v e r y  small investment i n  c i r c u i t r y  and weight.  
c .  I n s t a l l a t i o n .  R e s p o n s i b i l i t y  f o r  t h e  o p e r a t i o n  of t h e  Sounding 
Probe should be ass igned  t o  t h e  a s t r o n a u t  who i s  l e a s t  occupied du r ing  t h e  
t i m e  span involved. The d i s p l a y  ( t h a t  i s ,  t h e  v e r t i c a l  l i g h t  b a r s  w i th  
the  l i n e a r  p o i n t e r  assemblies) can be designed i n t o  a case  no l a r g e r  t han  
3 inches  h i g h ,  4 inches  long ,  and 2 i nches  deep t h a t  can be r e a d i l y  d i s -  
cerned. Location of t h e  d i s p l a y  i s  n o t  c r i t i c a l  f o r  c o l o r  i d e n t i f i c a t i o n ,  
but a reading  d i s t a n c e  of  approximately 18 inches  i s  r equ i r ed  t o  a s c e r t a i n  
the  l i n e a r  p o i n t e r  p o s i t i o n ,  even wi th  back i l l u m i n a t i o n .  
The n a t u r a l  a c t i o n  f o r  both a s t r o n a u t s ,  d u t i e s  p e r m i t t i n g ,  w i l l  be t h e  
v i s u a l  s u r v e i l l a n c e  of t h e  luna r  t e r r a i n  f o r  t h e  maximum amount of t i m e  t o  
g lean  a s  much d a t a  as p o s s i b l e  du r ing  t h i s  unique expe r i ence .  It has  been 
e s t a b l i s h e d  i n  p r i o r  s t u d i e s  t h a t  cyclomotor r e f  l e x e s  are  e a s i l y  c o n t r o l l e d ,  
even under invo lun ta ry  c o n d i t i o n s ;  t hus  i t  i s  f e l t  t h a t  t h e  i d e a l  d i s p l a y  
would be a much smal le r  w r i s t  mounted u n i t  f o r  each of t h e  a s t r o n a u t s  ( t h e  
launch c o n t r o l  would s t i l l  be t h e  r e s p o n s i b i l i t y  of one a s t r o n a u t ) ,  say 
1 x 2 x 3 inches .  This l o c a t i o n  would a s s u r e  ease of o b s e r v a t i o n ,  s i n c e  
t h e  arm could be moved, r o t a t e d ,  o r  r a i s e d  t o  permit maximum viewing ang le s  
wi th  a minimum of head t u r n .  Each a s t r o n a u t  should have a d i s p l a y  f o r  
c o r r e l a t i n g  purposes as we l l  a s  f u n c t i o n a l  back-up. Should t h e  p i l o t  be 
assigned t h e  Sounding Probe o p e r a t i o n  and t h e  Command P i l o t  n o t  be aware 
of t h e  landing  p o s i t i o n  of  t h e  Penet rometers ,  d i f f i c u l t i e s  could a r i s e  i n  
one a s t r o n a u t ' s  t r y i n g  t o  i n s t r u c t  t h e  o t h e r  t o  a p a r t i c u l a r  ground loca- 
t i o n ,  i f  t h e  genera l  appearance i s  homogeneous. 
d i s p l a y  and i f  t hey  s h a r e  t r a c k i n g  of t h e  pene t rometers  o r  t r a c k  a l t e r n a t e  
launches,  t h e  a b i l i t y  t o  r e c a l l  two l o c a t i o n s  i s  much less than  t r y i n g  t o  
r e c a l l  f o u r ,  p l u s  t he  t y i n g  t o g e t h e r  of a l o c a t i o n  and a go o r  ne-go 
I f  each a s t r o n a u t  has  a 
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cond i t ion  i s  s i m p l i f i e d .  It appears t o  be a s i t u a t i o n  wh.ich can be 
adequate ly  handled by one man of  a s t r o n a u t  c a l i b e r ,  b u t  can be more 
e a s i l y  handled by two, t o  t h e i r  mutual s a t i s f a c t i o n .  
I f  t h e  wrist  p o r t i o n  of t h e  a s t r o n a u t s '  arms a r e  occupied by 
accounterments and a c t i o n s  du r ing  t h i s  t i m e ,  a l t e r n a t e  d i s p l a y  l o c a t i o n s  
a r e  accep tab le .  
can be loca ted  a r e  on e i t h e r  s i d e ,  i n  t h e  r e a r  of t h e  cab in  o r  overhead. 
The most d e s i r a b l e  l o c a t i o n  f o r  a s i n g l e  d i s p l a y  i s  where both a s t r o n a u t s  
can see it wi th  a minimum of head t u r n .  The c o n t r o l  does n o t  have t o  be 
n e a r  t h e  d i s p l a y .  
t i o n  f o r  l o c a t i n g  t h e  c o n t r o l ,  whereas v i s i b i l i t y  i s  t h e  prime p r e r e q u i s i t e  
f o r  t h e  d i s p l a y .  
p t h e r  
The m a i l a b l e  a reas  within t h e  cabin  where t h e  d i s p l a y  
It i s  more c r i t i c a l  t h a t  s a f e t y  be t h e  p r i m e  considera- 
Table  3.12 summarizes t h e  p r ime  a t t r i b u t e s  and c h a r a c t e r i s t i c s  of  t h e  
v a r i o u s  mounting l o c a t i o n s  f o r  the d i s p l a y .  The hand he ld  and window d i s -  
p l a y s  a r e  l i s t e d  along with s i d e  and r e a r  conso le s .  The s i d e  console  
r e q u i r e s  a maximum s i z e  c a p a b i l i t y ,  s i n c e  i t  must be capable  of be ing  
read from a c r o s s  t h e  cabin .  
a s  p r e v i o u s l y  s t a t e d ,  and s i n c e  the main i n d i c a t o r  i s  a c o l o r  coded 
response ,  n o - d i f f i c u l t y  i n  a s t r o n a u t  i n t e r p r e t a t i o n  i s  a n t i c i p a t e d .  
The r e a r  d i s p l a y  can be c e n t r a l l y  loca t ed  
One of t h e  d e s i r a b l e  a t t r i b u t e s  of t h e  d i s p l a y  i s  t h a t  i t  be capable  of 
be ing  removed from the  a s c e n t  s t age  i n  t h e  even t  i t  i s  decided t o  f l y  
wi thout  i t  on subsequent miss ions ,  and p a r t i c u l a r l y  f o r  o f f - l o a d i n g  on 
t h e  luna r  s u r f a c e ,  t hus  reducing t h e  a s c e n t  weight.  It i s  thus  intended 
t h a t  a s i n g l e  mating 
c i r c u i t r y .  I n  t h i s  manner a panel-mounted d i s p l a y  could be r e a d i l y  
d ismant led  and l e f t  a f t e r  unmating t h e  e l e c t r i c a l  connec tor .  
he ld  system would merely r e q u i r e  d i s c o n n e c t i n g  t h e  e l e c t r i c a l  c i r c u i t .  
i n t e r f a c e  connector c a r r y  t h e  complete d i s p l a y  
The hand- 
From t h e  m a t r i x  two mounting s i t e s  are f e a s i b l e .  
v i s b i l i t y ,  m o b i l i t y ,  weight and convenience i s  t h e  wrist model, one f o r  
each a s t r o n a u t .  The a l t e r n a t e  loca t ion  i s  a t  t h e  r e a r ,  wi th  a mi r ro r  
p o s i t i o n e d  such t h a t  each a s t r o n a u t  has  ample v i s i b i l i t y  t o  t h e  d i s p l a y .  
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3 . 3  FUNCTIONAL SPECIFICATIONS 
The fol lowing f u n c t i o n a l  s p e c i f i c a t i o n s  a r e  pre l iminary  and s u b j e c t  t o  
change a s  the  system becomes b e t t e r  de f ined .  
3.3.1 LEM INTERFACE 
a. Purpose. This s p e c i f i c a t i o n  d e s c r i b e s  the  LEM i n t e r f a c e  
c h a r a c t e r i s t i c s  r e l e v e n t  t o  the conceptual  des ign  of t h e  LEM Sounding Probe 
Sys tem. 
b. Descr ip t ion .  The Sounding Probe miss ion  has  been descr ibed  i n  
Paragraph 3.1. The Lunar Excursion Module i s  a manned v e h i c l e  used t o  
d e l i v e r  two of the  three-man Apollo crew from an 80 mi l e s  c i r c u l a r  o r b i t  t o  
the  lunar  su r face .  The LEM and i t s  companion v e h i c l e ,  the  Command and 
Se rv ice  Module (CSM) are launched by a Sa turn  V Booster  from Cape Kennedy, 
F l o r i d a .  The LEM i s  stowed i n  a p r o t e c t i v e  housing ( t h e  Spacec ra f t  LEM 
Adapter( u n t i l  t he  LEM and CSM a r e  f i r e d  out  of Ear th  o r b i t  i n t o  a t r a n s -  
l u n a r  t r a j e c t o r y  by the  S-IVB s t a g e  of the  Sa tu rn  V conf igu ra t ion .  The CSM 
then de taches  from the  SLA, "yaws8' 180 degrees ,  and docks nose-to-nose wi th  
t h e  LEM v e h i c l e .  A t  t h i s  po in t  the SLA and t h e  s p e n t  S - I V B  boos te r  s t a g e  
a r e  j e t t i s o n e d ,  and the  CSM and LEM con t inue  t h e i r  nominally 65 hour t r i p  
t o  the  moon. During t h i s  launch and t r a n s l u n a r  p o r t i o n  of t he  Apollo 
miss ion  t h e  LEM systems a r e  e s s e n t i a l l y  i n a c t i v e .  Pass ive  thermal c o n t r o l  
i s  supp l i ed  dur ing  t h e  t r a n s l u n a r  f l i g h t  by s lowly r o t a t i n g  the  CSM-LEM 
c o n f i g u r a t i o n  about i t s  long i tud ina l  axis i n  a p l an  normal t o  the  s o l a r  
v e c t o r .  The amount of i n c i d e n t  s o l a r  r a d i a t i o n  i n t e r r e p t e d  by the  Sounding 
Probe subsystems and subsequent thermal c o n t r o l  r equ i r ed  w i l l  be determined 
t o  a l a r g e  degree by t h e i r  l o c a t i o n  upon the  LEM. 
Af t e r  t he  LEM and and CSMhave been placed i n t o  an 80-mile c i r c u l a r  o r b i t  
around the  moon by the  Se rv ice  Module propuls ion  system, two of t he  th ree -  
man crew e n t e r  the LEM and prepare  f o r  t h e i r  descen t  t o  t h e  luna r  su r face .  
Af t e r  completion of t h e s e  p repa ra t ions ,  t h e  LEM s e p a r a t e s  a s h o r t  d i s t a n c e  
from the  CSM and f i r e s  t he  descent  engine f o r  a s h o r t  t i m e  t o  p lace  the  LEM 
i n t o  an e l l i p t i c a l  
pe r i cyn th ian .  The LEM then c o a s t s  a long t h i s  descen t  t r a j e c t o r y  u n t i l  t h e  
p e r i c y n t h i a n ,  approximately 225 miles shy of the  s e l e c t e d  landing s i t e ,  i s  
reached ,  
descen t  maneuver b r i n g s  the  LEM t o  t h e  High Gate c o n d i t i o n  s e v e r a l  thousand 
f e e t  above the luna r  sur face .  A t  t h i s  po in t  t he  LEM i s  r e -o r i en ted  t o  g ive  
t h e  crew cont inuous v i s i b i l i t y  of the s e l e c t e d  landing s i t e  f o r  t he  remainder 
of t h e  mission.  
Hohmann descent  t r a n s f e r  o r b i t  w i th  a 50,000 f e e t  
A t  t h i s  p o i n t  the  LEM descent  engine i s  r e i g n i t e d  and a powered 
The LEM cont inues  descending from High Gate wi th  t h i s  r e v i s e d  a t t i t u d e  u n t i l  
i t  reaches  the Low Gate cond i t ion ,  s eve ra l  hundred f e e t  above the luna r  
s u r f a c e  and approximately 2500 f e e t  s h o r t  of the  s e l e c t e d  landing  s i te .  
The miss ion  p r o f i t e  from t h i s  po in t  u n t i l  touchdown i s  d iscussed  i n  
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Paragraphs 3.1 and 3.2. It  i s  dur ing  t h i s  LEM miss ion  phase t h a t  t he  
Sounding Probe i s  u t i l i z e d  t o  determine the  s u i t a b i l i t y  of the  landing  s i t e .  
c .  Physical  Conf igura t ion .  The e x t e r n a l  LEM conf igu ra t ion  i s  i l l u s -  
t r a t e d  i n  Figure 3-36. The LEM descen t  s t a g e  houses  t h e  descent  engine and 
p r o p e l l e n t s ,  landing gea r ,  and a l l  ope ra t iona l  and s c i e n t i f i c  equipment n o t  
r equ i r ed  dur ing  the  subsequent a scen t  f o r  rendezvous wi th  the  CSM. The 
a scen t  s t a g e  houses the  two-man crew, the a scen t  engine,  r e a c t i o n  c o n t r o l  
system (RCS), LEM Guidance Computer (LGC), and o t h e r  subsystems r equ i r ed  
f o r  t he  lunar  a scen t  miss ion  phase. 
(1) Descent Stage.  S ince  the  Sounding Probe is r equ i r ed  only dur ing  
t h e  descent  phase, a l l  system equipment t h a t  i t  i s  p o s s i b l e  t o  do so w i l l  
be loca t ed  upon the descent  s t age .  This s t a g e  is cons t ruc t ed  of aluminum 
a l loy .  The inner  s t r u c t u r a l  s k i n  i s  surrounded by a t h i n  l a y e r  of i n s u l a t -  
i n g  m a t e r i a l .  This  i n s u l a t i o n  i s  n o t  allowed t o  be  pene t r a t ed  by any 
mounting techniques used t o  a t t a c h  the  Sounding Probe equipments t o  the  LEM. 
It may be more f e a s i b l e  t o  a t t a c h  the  equipment t o  the  f r o n t  landing  gear  
l e g  i n  l i e u  of d i r e c t l y  mounting i t  upon the descen t  s t age .  
As i l l u s t r a t e d  i n  F igure  3-36, t he  landing  gea r  i s  of t h e  c e n t i l e v e r  type.  
The landing  gear i s  stowed ' i n  a r e t r a c t e d  p o s i t i o n  u n t i l  the  crew e n t e r s  
t he  LEM dur ing  luna r  o r b i t .  Hence, t he  envelope dimensions of any equip-  
ment mounted t o  the  l e g s  a r e  cons t r a ined  n o t  t o  i n t e r f e r e  wi th  t h i s  stowed 
p o s i t i o n .  Another c o n s t r a i n t  upon any equipment l o c a t e d  upon t h e  f r o n t  
landing gear  leg i s  t h a t  i t  no t  p ro t rude  t o  b lock  t h e  crew's  v i s i b i l i t y  of  
t he  s e l e c t e d  landing s i te .  
Addi t iona l  c o n s t r a i n t s  upon equipments l o c a t e d  upon the  descen t  s t a g e  a re :  
(a) The equipment must no t  i n t e r f e r e  wi th  o t h e r  LEM system, 
such a s  the  Landing Radar. 
(b)  The l o c a t i o n s  must be  ou t  of the  descen t  engine  plume. 
( c )  The equipment cannot  extend t o  w i t h i n  3 f e e t  of t he  
bottom of t h e  LEM f o o t  pad i n  o rde r  t o  prevent  c o n t a c t  
with the  luna r  s u r f a c e  dur ing  LEM touchdown. 
(2) Ascent Stape.  The primary phys ica l  i n t e r f a c e s  wi th  the  a scen t  
s t a g e  w i l l  b e  i n  the a reas  of d i s p l a y  and c o n t r o l  and e l e c t r i c a l  w i r ing .  
No more than 5 pounds of d i s p l a y s  and c o n t r o l  equipments are permi t ted  on 
t h e  ascent  s tage .  S u f f i c i e n t  space i s  r e q u i r e d  f o r  t he  d i s p l a y s  and 
c o n t r o l s  t o  permit system a c t i v a t i o n ,  arming and deployment of t he  pene t ro-  
meters, and d i s p l a y  of the  d a t a  processor  d e c i s i o n  concerning landing  s i t e  
























FIGURE 3-36 LEM STRUCTURE 
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d. F l i P h t  T ra j ec to ry .  The f l i g h t  pa th  of the  LEM dur ing  luna r  
descent i s  as shown i n  F igu re  3-37. 
e. Guidance and Navigation. The LEM guidance and n a v i g a t i o n  d a t a  i s  
p r i m a r i l y  der ived  during t h e  landing  phase from t h e  Landing Radar. 
l anding  r a d a r  subsystem d e r i v e s  a l t i t u d e  range and three-dimensional range 
r a t e  from a 25,000 f o o t  a l t i t u d e  u n t i l  touchdown. A l t i t u d e  range d a t a  i s  
presented  i n  b inary  form t o  t h e  LEM Guidance Computer (LGC). The LEM 
v e l o c i t y  components (V V , and V ) a r e  presented  a s  prf ou tpu t s  t o  
c o n t r o l s  and d isp lays .XyThg Soundigg Probe w i l l  r e q u i r e  i n p u t s  of LEM 
a l t i t u d e ,  h o r i z o n t a l  range, V and V v e l o c i t y ,  and p i tchback  angle  a t  t h e  
moment t h e  penetrometers are faunche8 i n  order  t o  p r e d i c t  t h e  penetrometer 
impact v e l o c i t y  and impact angle .  
penetrometer deployment, i f  t h i s  in format ion  i s  n o t  read o u t  con t inuous ly ,  
may be n e c e s s i t a t e d .  
p r i o r  t o  t h e  Apollo launch, i t  i s  p o s s i b l e  t h a t  t h i s  c a l l u p  w i l l  n o t  be 
r e q u i r e d ,  b u t  t h a t  t h e  landing  r a d a r  a l t i t u d e  and v e l o c i t y  ou tpu t s  w i l l  
s u f f i c e .  An e l e c t r i c a l  i n t e r f a c e  between t h e  Data Processor  and t h e  
landing  r a d a r  ou tputs  t o  d i s p l a y s  and c o n t r o l s  may be r equ i r ed .  
The 
An LGC c a l l u p  of h o r i z o n t a l  range a t  
I f  t h e  LEM f l i g h t  t r a j e c t o r y  i s  r a t h e r  w e l l  de f ined  
I f  t h e  LEM a t t i t u d e  a t  t h e  i n s t a n t  of penetrometer deployment i s  n o t  r a t h e r  
w e l l  def ined  a p r i o r i  f o r  t h e  given a l t i t u d e  and v e l o c i t y  components, then  
t h i s  in format ion  must a l s o  be  obta ined  i n  o r d e r  t o  aim t h e  pene t rometers ,  
which would a l s o  r e q u i r e  an aiming dev ice .  
f .  Communications. The LEM o p e r a t i o n a l  communications system dur ing  
the  luna r  landing phase provides  two communications l i n k s - - a  d i r e c t  two- 
way S-band l i n k  wi th  t h e  Earth-based Manned Space F l i g h t  Network (MSFN), 
and a VHF v o i c e  and t e l eme t ry  l i n k  with t h e  o r b i t i n g  CSM. This  l a t t e r  l i n k  
can be  used as a r e l a y  between t h e  LEM and t h e  MSFN, u s i n g  t h e  CSM-MSFN 
S-band l i n k .  
The a c c e l e r a t i o n -  t i m e  t r a c e s  obta ined  by t h e  pene t rometers  are r e q u i r e d  t o  
be  t r a n s m i t t e d  to  the MSFN as w e l l  a s  diagnosed and d i s p l a y e d  t o  t h e  LEM 
crew. E i t h e r  of t h e  two LEM communications l i n k s  could  conce ivably  be used 
f o r  t r a n s m i t t i n g  t h e  d a t a .  However, d i r e c t  LEM-MSFN t r ansmiss ion  of t h e  
d a t a  appears more f e a s i b l e .  A p re l imina ry  modulation method which appears  
promising i s  t o  f i r s t  modulate t h e  r ece ived  d a t a  s i g n a l s  on a low-frequency 
cons tant-bandwidth s u b c a r r i e r ,  then  m u l t i p l e x  t h i s  s u b c a r r i e r  w i th  the  base- 
band crew v o i c e  f o r  subsequent t r ansmiss ion  of t h e  composite waveform t o  
the MSFN v i a  the LEM's 1.25 MHz v o i c e  s u b c a r r i e r .  An e l e c t r i c a l  i n t e r f a c e  
between t h e  Data Processor  and t h e  LEM communications system w i l l  be 
r equ i r ed .  
g. E l e c t r i c a l  Power. The LEM h a s  a v a i l a b l e  f o r  Sounding Probe use  a 
Up t o  50 wat ts  are  a v a i l a b l e  f o r  a per iod  of 29 t o  31.5 vdc power supply ,  
UP t o  10 minutes. The Penetrometers may r e q u i r e  a s l i g h t  b u t  cont inuous  
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amount of a d d i t i o n a l  power dur ing  t h e  preceding Apollo miss ion  phases i n  
order  t o  maintain a t r i c k l e  charge on t h e i r  b a t t e r i e s  and t o  a s s i s t  i n  
thermal c o n t r o l .  
I n  a d d i t i o n  t o  power f o r  t h e  e l e c t r o n i c s ,  t h e r e  i s  s u f f i c i e n t  e l e c t r o -  
exp los ive  device power a v a i l a b l e  from the  EED b a t t e r i e s  t o  i g n i t e  up t o  8 
squibs  s imultaneously.  This  i s  adequate  f o r  Sounding Probe purposes.  
A l l  Equipments a r e  r equ i r ed  t o  meet t he  LEM Electromagnet ic  Combat ib i l i ty  
(EMC) s t anda rds  r e l a t i v e  t o  conducted and r a d i a t e d  e lec t romagnet ic  i n t e r -  
f erence.  
h .  Environments. Table  3.13, 3.14, 3.15, and 3.16 summarize the  
environmental  c r i t e r i a  t o  which the  Sounding Probe equipments must be  
designed. 
10,032, da t ed  August 1964, and a r e  intended only t o  s e r v e  as g u i d e l i n e s  
during conceptual des ign .  The s p e c i f i c  environmental  c o n s t r a i n t s  upon the  
equipment must be eva lua ted  on an equipment-by-equipment b a s i s  a f t e r  
i n d i v i d u a l  equipment l o c a t i o n  and c o n f i g u r a t i o n  h a s  been determined. 
These c r i t e r i a  are e x c e r t s  from NASA General Working Paper No. 
3.3.2 LEM SOUNDING PROBE 
a. Purpose. The LEM Sounding Probe i s  t o  b e  used by the  LEM crew t o  
t e s t  the  cond i t ion  of the  luna r  s u r f a c e  p r i o r  t o  landing.  I t s  senso r s  a r e  
Penetrometer spheres t h a t  a r e  launched e i t h e r  s i n g l y  or i n  s a l v o  from the  
v i c i n i t y  of low g a t e  i n  the  descent  t r a j e c t o r y  a s  shown i n  F igure  3-38. 
They a r e  au tomat ica l ly  aimed t o  land w i t h i n  t h e  nominal LEM landing  zone 
and dur ing  t h e i r  moment of c o n t a c t  wi th  the  s u r f a c e  w i l l  most l i k e l y  be 
seen  by the  crew. Each Penetrometer t r ansmi t s  an a c c e l e r a t i o n - t i m e  p r o f i l e  
dur ing  impact. From the  p r o f i l e  a r e  deduced c h a r a c t e r i s t i c s  of  s u r f a c e  
hardness .  On board the  LEM i s  a s e p a r a t e  r e c e i v e r ,  d a t a  p rocesso r ,  and 
d i s p l a y  console t h a t  d i g e s t s  t he  d a t a  and i n d i c a t e s  the  a d v i s a b i l i t y  of 
landing. Never the less ,  t he  f i n a l  d e c i s i o n  t o  land rests wi th  t h e  crew. 
Other than drawing power and monitor ing LEM n a v i g a t i o n a l  d a t a  the  Sounding 
Probe ope ra t e s  automously and i s  ca t egor i zed  as an add-on device .  
b.  Descr ipt ion.  To a l low the crew as much t i m e  a s  p o s s i b l e  t o  make 
a d e c i s i o n  a f t e r  t h e  d a t a  a r e  d i sp l ayed ,  Penetrometers  should be  launched 
j u s t  p r i o r  t o  low ga te .  The c o n t r o l  e l e c t r o n i c s  computes the  proper  launch 
pod o r i e n t a t i o n  so  t h a t  t he  Penetrometers  can b e  launched a t  a f i x e d  
v e l o c i t y  and s t i l l  impact i n  the nominal LEM t r a j e c t o r y  a rea .  
shows the  func t ions  of t he  subsystems. 
F igu re  3-39 
The Data Processor  au tomat i ca l ly  ana lyzes  t h e  a c c e l e r a t i o n  d a t a  from each 
Penetrometer.  Parameters a r e  s e l e c t e d  f o r  examinat ion and a composite 
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c .  Data Acquis i t ion .  
(1) Operat ional  P r o f i l e .  The Sounding Probe i s  energized f o r  a f i v e -  
minute warm-up time p r i o r  t o  use.  I n  the v i c i n i t y  of low g a t e  one or  more 
Penetrometers a r e  launched. I f  the next  launching does n o t  occur u n t i l  
a f t e r  r e c e i p t  and d i s p l a y  of d a t a  from the  f i r s t  launch then d a t a  from the  
second launch w i l l  be d isp layed  j u s t  p r i o r  t o  the  LEM reaching  an a l t i t u d e  
of 200 f e e t .  There i s  t i m e  a f t e r  low g a t e  f o r  no more than two complete 
Penetrometer f l i g h t  t r a j e c t o r i e s .  More than two overlapping t r a j e c t o r i e s  
may be accommodated b u t  t he  number of channels  i n  the  r e c e i v e r  m u s t  
correspond t o  t h e  number of Penetrometers t h a t  a r e  a n t i c i p a t e d  t o  be  i n  
f 1 igh  t s imul taneous ly  . 
(2) Input  
Contact  of the  Penetrometers w i th  the  lunar  s u r f a c e  
provides  an acce le ra t ion -  t i m e  h i s  t o r y  t h a t  i s  pro- 
cessed t o  determine s p e c i f i c  c h a r a c t e r i s t i c s  of 
t h a t  da t a .  Bearing s t r e n g t h ,  d e n s i t y ,  and depth of 
p e n e t r a t i o n  as they a r e  r e l a t e d  t o  acceptab le  l e v e l s  
by t h e  LEM, are measured. 
The crew must a r m  and ene rg ize  t h e  launcher  from a 
c o n t r o l  panel  i n  the LEM cabin.  
LEM a l t i t u d e ,  a t t i t u d e ,  v e l o c i t y  components, and 
range t o  touchdown and t i m e  of f l i g h t  t o  an a l t i t u d e  
of 200 f e e t  are cont inuously obtained from the  LEM 
n a v i g a t i o n a l  computer a f t e r  turn-on. 
(3) Response. Time of f l i g h t  of t he  Penetrometers  v a r i e s  from 6 t o  
20 seconds depending upon the  launch v e l o c i t y  and a l t i t u d e .  
of d a t a  each channel r e q u i r e s  up t o  2 seconds t o  process  i t s  d a t a .  With 
only  one process ing  channel ,  ' t h e  d i sp l ay  i s  energ ized  s e r i a l l y  each 2 
seconds.  
Af te r  r e c e i p t  
( 4 )  Output. A d i s p l a y  f o r  each Penetrometer provides  both d i g i t a l  
and analog d a t a  ou tpu t s  t h a t  are r e l a t e d  t o  the  a d v i s a b i l i t y  of landing.  
The d i s c r e t e  ou tpu t  i s  a go/no-go i n d i c a t i o n  and the  cont inuous output  
g i v e s  a v e r n i e r  i n d i c a t i o n  f o r  f u r t h e r  i n t e r p r e t a t i o n  by t h e  crew. 
raw a c c e l e r a t i o n  d a t a  i s  no t  d i sp layed  b u t  i s  r e l ayed  t o  Ear th  v i a  LEM 
communications i n  real  t ime. 
The 
d.  Environmental C o n s t r a i n t s  
(1) Self-Induced.  The impulse a t  Penetrometer launch must cause no 
o b j e c t i o n a b l e  t i p - o f f  t o  the  LEM. 
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(2)  Natural .  The Sounding Probe must be  compatible  wi th  the  environ-  
ment a s  s p e c i f i e d  i n  the  LEM I n t e r f a c e  S p e c i f i c a t i o n .  
(3) Man-Induced. The l a s t  checkout w i l l  occur p r i o r  t c  Ear th  launch. 
I n  the event  of a landing  a b o r t  where the  descen t  s t a g e  i s  
There w i l l  n o t  be  tests conducted from t h i s  t i m e ,  u n t i l  t he  u n i t  i s  used 
d u r i n g  descent .  
r e l e a s e d  from the a scen t  s t a g e  the  Sounding Probe s h a l l  be d e a c t i v a t e d  s o  
as n o t  t o  cause any new concern o r  d i s t r a c t i o n .  
e. Configurat ion 
(1) S ize ,  The weight of t he  Sounding Probe w i l l  n o t  exceed 30 
pounds . 
(2) Deployment and Or ien ta t ion .  The Sounding Probe w i l l  be  an add-on 
device .  The launcher ,  e x c l u s i v e  of c o n t r o l  e l e c t r o n i c s  and the  antenna 
w i l l  be  mounted as one assembly on the e x t e r i o r  of t h e  LEM, p r e f e r a b l y  t o  a 
nonac t ive  s t r u t ,  
phase f l i g h t  path. It s h a l l  n o t  i n t e r f e r e  wi th  the  LEM l e g s  wh i l e  they a r e  
i n  the  stowed pos i t i on .  The Rece iver ,  Data Processor  and c o n t r o l  e l e c t r o n i c s  
w i l l  be  i n s t a l l e d  as  one u n i t  i n  t he  LEM descent  s t age .  The c o n t r o l  pane l  
and d i s p l a y  w i l l  be mounted i n  the  a scen t  s t age .  
t h e  a scen t  and descent  s t a g e s  w i l l  s e p a r a t e  upon crew command. 
The launcher  must be  nominally poin ted  along the  descen t  
An umbi l i ca l  cab le  between 
f .  Support 
(1) Act iva t ion  and Cont ro l .  Average power of 50 wa t t s  a t  28 v o l t s  
dc i s  r equ i r ed .  Peak power t o  i g n i t e  up t o  8 squibs  s imul taneous ly  s h a l l  
b e  a v a i l a b l e .  I f  t he  LEM r o l l s  around i t s  t h r u s t  a x i s  t h e  magnitude of 
t h i s  movement m u s t  be compensated f o r  i n  the  launcher  s e r v o  c o n t r o l .  If 
the  LEN p i t c h e s ,  the l i m i t s  of t hese  movements must be known and allowed 
f o r  i n  the  c o n t r o l  servo.  
(2) C a l i b r a t i o n ,  A l l  permanent i n i t i a l  c o n d i t i o n s  and adjustments  
a r e  made p r i o r  t o  launch. 
(3) Engineering Measurements. Launch tempera ture  p r i o r  t o  
a c t i v a t i o n .  
g. Notes. This document i s  intended t o  s p e c i f y  f u n c t i o n a l  r e q u i r e -  
ments only.  Reference t o  any p a r t i c u l a r  method of mechanizat ion i s  made 
f o r  c l a r i t y  only. 
3.3.3 PENETROMETER 
a .  Purpose. The Penetrometers  a r e  designed t o  be deployed from t h e  
LEM descent  s t age  during the t r a j e c t o r y  t o  touchdown on the  l u n a r  s u r f a c e  
upon a s t r o n a u t  command. They impact t he  s u r f a c e  a t  v e l o c i t i e s  from 140 
3-110 
t o  200 f e e t  per  second f o r  t he  purpose of sens ing  the  r e s u l t i n g  dynamic 
impact d e c e l e r a t i o n s .  These nega t ive  a c c e l e r a t i o n  t r a c e s  ve r sus  t i m e  
c o n s t i t u t e  a "s igna ture"  of bear ing  s t r e n g t h  and s o i l  d e n s i t y  f o r  t h e  
m a t e r i a l  impacted. These d a t a  a r e  converted i n t o  t e r r a i n  i d e n t i f i e r s  which 
can be c o r r e l a t e d  wi th  the  probable soil c h a r a c t e r i s t i c s  t o  denote  i f  t he  
a r e a  i s  s u i t a b l e  f o r  LEM touchdown, 
b. Descr ip t ion .  The penetrometer i s  designed as  a 5.5 inch diameter  
b a l l ,  as shown i n  F igu re  3-40. Weight of t h i s  u n i t  i s  3.5 pounds a t  t i m e  
of deployment. F igu re  3-41 i s  a func t iona l  diagram of the Penetrometer.  
c. Data Acquis i t ion .  The analog output  of the omnidi rec t iona l  
accelerometer  i n  the  Penetrometer is broadcas t  v i a  t he  0.5 wa t t  FM t r a n s -  
mitter i n  the  432 t o  453 MHz VHF-band from the  Penetrometer t o  the  antenna 
on the  LEM descent  s t age .  Data processing occurs  on-board the  LEM descent  
s t age .  
d. Environmental C o n s t r a i n t s .  Shelf  l i f e  f o r  t he  Penetrometer sphere 
i s  s i x  months minimum wi th  provis ions  f o r  c a l i b r a t i o n  and b a t t e r y  
re -charg ing .  
Operat ion t i m e  a few seconds a f t e r  launch i s  l i m i t e d  t o  one minute. Level 
of d e t e c t i o n  i n  g ' s  i s  from 50 t o  7000 wi th  f l a t  response up t o  2000 cps  
and 2 second t i m e  cons t an t .  Accuracy of measurement i s  10 percent  over the 
complete s c a l e  with h ighe r  accuracy a t t a i n a b l e  a t  t he  lower a c c e l e r a t i o n  
l e v e l s .  
The Penetrometer su rv ives  a f t e r  a 5 day deep space soak,  ope ra t e s  through 
the  temperature  range of 40 t o  100°F (0 t o  100°F non-operat ing)  and w i l l  
w i ths t and  v i b r a t i o n  l e v e l s  of 10 g ' s  ( s i n e )  wi th  5 minute sweep, 5 t o  2000 
cps,  wi th  a 0 .1  inch  l i m i t i n g  displacement;  a l s o ,  10 g ' s  random f o r  5 
minutes  band l i m i t e d  from 100 t o  2000 cps.  
3. Notes. This  document i s  intended t o  s p e c i f y  f u n c t i o n a l  r equ i r e -  
ments only.  Reference t o  any p a r t i c u l a r  method of mechanization i s  made 
f o r  c l a r i t y  only.  
3.3.4 DEPLOYMENT LAUNCHER 
a. Purpose. The Launcher i s  r equ i r ed  t o  i n j e c t  t he  penetrometers  
i n t o  a t r a j e c t o r y  t h a t  w i l l  p l ace  them a t  or  near  the LEM touchdown poin t .  
I n  a d d i t i o n ,  t he  launcher  i s  requi red  t o  house and provide environmental  
p r o t e c t i o n  f o r  the  penetrometers  during a l l  miss ion  phases beginning with 
launch of t h e  Apollo from Ear th  sur face .  
r e q u i r e d  t o  a l i g n  the  launcher  a t  the c o r r e c t  angle  p r i o r  t o  launch and t o  
provide  the s i g n a l  f o r  launch. 
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b. Descr ip t ion .  The launcher  c o n s i s t s  of 4 n e a r l y  p a r a l l e l  tubes 
wi th  c losed  breeches,  each con ta in ing  one Penetrometer.  A pyrotechnic  
device  i n  t h e  c losed  breech of each tube gene ra t e s  the  propuls ion  gas .  
Muzzle v e l o c i t y  i s  expected t o  b e  less than 100 f t / s e c .  
Mounting b racke t ry  con ta ins  p rov i s ion  f o r  remotely vary ing  launcher  v e r t i -  
c a l  angle  through approximately 450. 
d i r e c t i o n ,  downward. 
Launch angle  is v a r i e d  i n  only one 
The launcher  is e n t i r e l y  surrounded by a super  i n s u l a t i o n  b l a n k e t  approxi-  
mately 0.4 inch th i ck .  
r e s i s t a n c e  h e a t e r  (approximately 0.2 w a t t ) ,  p rovides  a temperature  environ-  
ment of 50°F + - 5'F f o r  t he  penetrometers .  
ope ra t  ion.  
This ,  i n  a d d i t i o n  t o  a smal l  b a t t e r y  operated 
A bi -meta l  swi tch  c o n t r o l s  h e a t e r  
The launch c o n t r o l  system c o n s i s t s  of t h e  launch angle  p o s i t i o n i n g  r a t c h e t  
and so leno id ,  pos i t i on ing  and launch swi tches ,  and a s s o c i a t e d  e l e c t r o n i c  
c i r c u i t r y .  
c .  Operation 
(1) Event Sequencing 
. Resis tance  Heater  ope ra t e s  i n t e r m i t t e n t l y  beginning 
soon a f t e r  i n j e c t i o n  i n t o  luna r  t r a n s f e r  o r b i t ,  and 
cont inuing u n t i l  approximately High Gate. 
. Penetrometer e l e c t r o n i c s  turned on a t  High Gate. 
. Launcher i s  pos i t i oned  between High Gate and Low 
Gate. 
. Penetrometers a r e  launched a t  Low Gate + 14 sec .  or 
-5 seconds.  
(2) Input  
. Signal  from LEM Naviga t iona l  Computer t o  Launch 
Control System f o r  p o s i t i o n i n g  launcher .  
. 30V, 5 amp s i g n a l  t o  launch ang le  p o s i t i o n  so leno id .  
. Signal from LEM Naviga t iona l  Computer t o  Launch 
Control System f o r  launch. 
. 30V, 5 amp s i g n a l  t o  pyro technic  dev ices  i n  launcher .  
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(3) output .  
. Four Penetrometers  launched i n t o  a t r a j e c t o r y  
f o r  impact a t  t h e  nominal touchdown p o i n t .  
d .  Environmental C o n s t r a i n t s  
(1) Self-Induced. The r e s i s t a n c e  h e a t e r  provides  a nominal 50 F 
environment f o r  t h e  launcher ,  pyro technics ,  and penetrometers .  Also a t  
Penetrometer launch, t h e  launcher  i s  subjec ted  t o  launch f o r c e s  which a r e  
0 
passed on t o  t h e  LEM v e h i c l e  v i a  mounting s t r u c t u r e .  
(2)  Natural .  The launcher  system must wi ths tand  t h e  c i s l u n a r  space 
environment c o n s i s t i n g  of vacuum, s o l a r  h e a t  f l u x ,  and t h e  h e a t  s i n k  of 
o u t e r  space .  
(3) Man Induced. The system must withstand v i b r a t i o n  and "g" loads  
induced dur ing  s p a c e c r a f t  launch from E a r t h ,  d u r i n g  i n j e c t i o n  i n t o  landing 
t r a j e c t o r y ,  and d u r i n g  landing maneuver. 
e .  Configurat ion.  
(1) - Size . The launcher  system i s  roughly a r e c t a n g u l a r  box 10" x 
10" x 5" n o t  i n c l u d i n g  mounting and p o s i t i o n i n g  p r o v i s i o n s .  
i n g  i n s u l a t i o n  but n o t  i n c l u d i n g  h e a t e r ,  b a t t e r y  o r  Penetrometers  i s  
approximately 3.5 l b s .  The b a t t e r y  w i l l  weigh less than 0.5 l b .  
Weight inc lud-  
(2)  Locat ion and O r i e n t a t i o n .  The launcher  i s  requi red  t o  be  on t h e  
o u t s i d e  of  t h e  LEN descent  s t a g e .  P o s s i b l e  l o c a t i o n s  a r e  t h e  forward main 
s t r u t s  o r  one of t h e  two s i d e  main s t r u t s .  An a l t e r n a t e  approach t h a t  might 
be requi red  t o  reduce launch p e r t u r b a t i o n s ,  i f  t h e  forward s t r u t  i s  n o t  
a v a i l a b l e ,  i s  t o  provide  two launchers  one on each s i d e  s t r u t .  The launcher  
i s  r e q u i r e d  t o  be pos i t ioned  r e l a t i v e  t o  l o c a l  h o r i z o n t a l  f o r  range c o n t r o l .  
A s i n g l e  degree  of  freedom i s  provided. 
Power i s  requi red  p r i o r  t o  launch f o r  e s t a b l i s h i n g  t h e  c o r r e c t  launch 
a n g l e .  Power i s  requi red  a t  launch t o  i g n i t e  t h e  pyro technic  devices .  
f .  Notes.  This  document i s  intended t o  s p e c i f y  f u n c t i o n a l  r e q u i r e -  
ments o n l y .  Reference t o  any p a r t i c u l a r  method of mechanization i s  made 
f o r  c l a r i t y  on ly .  
3 . 3  .5 COMMUNICATIONS 
a .  The communications subsystem r e c e i v e s  and demodulates t h e  acce l -  
e r a t i o n  v e r s u s  t i m e  s i g n a t u r e  t ransmi t ted  by t h e  Penetrometers dur ing  impact 
i n t o  t h e  lunar  s u r f a c e .  The f u n c t i o n a l  design i s  one wi th  t h e  c a p a b i l i t y  of 
r e c e i v i n g  t ransmiss ions  from an m number of Penetrometers  s imul taneous ly .  
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b .  Descr ip t ion .  A f u n c t i o n a l  diagram of t h i s  subsystem i s  i l l u s -  
t r a t e d  i n  Figure 3-42. The communication subsystem requirements a r e  v e r y  
s i m i l a r  t o  t h e  r e c e i v i n g  p o r t i o n  o f  t h e  Data Relay, which was f u n c t i o n a l l y  
designed f o r  the Lunar Penetrometer System f o r  use wi th  a Lunar Survey Probe 
d e l i v e r y  v e h i c l e .  S ince  t h e  penetrometers  a r e  n o t  a t t i t u d e  s t a b i l i z e d  and 
can impact with any o r i e n t a t i o n  and r e s u l t i n g  p o l a r i z a t i o n  s t a t e  of  t h e  
t ransmi t ted  s i g n a l ,  p o l a r i z a t i o n  d i v e r s i t y  r e c e p t i o n  with two r e c e i v i n g  
antennas i s  n e c e s s i t a t e d  f o r  t h e  communications subsystem. Each antenna 
i s  connected to  a power d i v i d e r  which al lows t h e  m r e c e i v e r s  (one f o r  each 
penetrometer) t o  be used wi th  e i t h e r  antenna.  Due t o  t h e  s h o r t  t ransmis-  
s i o n  range between t h e  Penetrometers ,  and t h e  LEM a t  impact (approximately 
1 /4  m i l e  maximum) t h e  p r e a m p l i f i e r  proposed f o r  t h e  Data Relay i s  not  re- 
qui red  f o r  t h e  Sounding Probe. 
An EW.switch a t  t he  input  t o  each FM r e c e i v e r  connects  t h e  r e c e i v e r  t o  
e i t h e r  of  t h e  two antennas.  I f  adverse  p o l a r i z a t i o n  s t a t e s  between t h e  
antenna being used and t h e  Penetrometer cause  t h e  rece ived  s i g n a l  f o r  a 
given r e c e i v e r  t o  drop below a p r e s e t  t h r e s h o l d  v a l u e ,  a d i v e r s i t y  l o g i c  
c i r c u i t  au tomat ica l ly  switches t h a t  r e c e i v e r  t o  t h e  o t h e r  antenna.  Each 
of t h e  m r e c e i v e r s  i s  tuned t o  r e c e i v e  t h e  t ransmiss ion  from one s p e c i f i c  
Penetrometer of t h e  m Penetrometers launched s imul taneous ly .  It should be  
noted t h a t  Penetrometers launched s e q u e n t i a l l y  r a t h e r  than i n  s a l v o  would 
e n a b l e  t h e  reduct ion i n  t h e  number of r e c e i v e r s  requi red  by enabl ing  a 
s i n g l e  r e c e i v e r  t o  t ime-share t h e  r e c e p t i o n  of d a t a  from t h e  s e q u e n t i a l l y  
launched penetrometers .  
Refer r ing  again t o  F i g u r e  3-42, t h e  a c c e l e r a t i o n  d a t a  obta ined  by each 
Penetrometer i s  t r a n s m i t t e d  by ampli tude modulating a 40 KHz s u b c a r r i e r ,  
which i n  t u r n  FM's t h e  Penetrometer  t r a n s m i t t e r .  Each of t h e  communication 
subsystem r e c e i v e r s  c o n t a i n s  a wide-band FM d i s c r i m i n a t o r ,  which produces 
a t  i t s  o u t p u t  t h e  40 KHz AM s u b c a r r i e r .  This  o u t p u t  i s  presented  t o  a 
s u b c a r r i e r  demodulator, which y i e l d s  a t  i t s  o u t p u t  an analog s i g n a l  pro- 
p o r t i o n a l  t o  the dynamic a c c e l e r a t i o n  experienced by t h e  p a r t i c u l a r  
Penetrometer  being rece ived .  These analog s i g n a l s  from each Penetrometer  
t ransmiss ion  a r e  routed t o  t h e  s i g n a l  d a t a  p r o c e s s o r ,  where they a r e  analyzed 
t o  determine the  s u i t a b i l i t y  of t h e  a r e a  impacted by t h e  Penetrometers  f o r  
a LEM landing .  
The analog acce lera t ion- t ime s i g n a t u r e s  a r e  a l s o  re- t r a n s m i t t e d  v i a  t h e  L E M  
S-band t ransmission system t o  the  Manned Space F l i g h t  Network (MSFN). These 
s i g n a t u r e s  w i l l  be presented s e q u e n t i a l l y  t o  t h e  LEM S-band communications 
system f o r  subsequent t r a n s m i s s i o n .  A p r e l i m i n a r y  i n v e s t i g a t i o n  of  t h e  
a v a i l a b l e  modulation techniques f o r  t h i s  t r a n s m i s s i o n  i n d i c a t e s  t h a t  a 
promising method i s  t o  use t h e  EVA (Extra-Vehicular  Astronaut)  t e l e m e t r y  
channel ,  which i s  frequency mult iplexed wi th  EVA and LEM crew v o i c e  onto  a 
1.25 MHz s u b c a r r i e r .  The a c c e l e r a t i o n  d a t a  can be f i r s t  modulated o n t o  a 
12.5 kHz cons tan t  bandwidth s u b c a r r i e r .  T h i s  s u b c a r r i e r  can i n  t u r n  be 
frequency mult iplexed with t h e  crew v o i c e  o n t o  t h e  1.25 MHz s u b c a r r i e r  f o r  
S-band t ransmission t o  t h e  MSFN. 
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c .  Performance Requirements.  
(1) Opera t iona l  P r o f i l e .  The communications subsystem i s  r equ i r ed  
t o  o p e r a t e  from Penetrometer  deployment u n t i l  r e c e p t i o n  of t h e  acce le ra -  
t i o n  d a t a  a few seconds l a t e r .  Ac t iva t ion  a t  Penetrometer  deployment 
should be adequate t o  permit  warm-up and damping of turn-on t r a n s i e n t s .  
(2) Inputs .  The communication subsystem i n p u t s  c o n s i s t  of RF 
c a r r i e r  s i g n a l s  i n  t h e  432-450 MHz range from t h e  m Penetrometers  launched 
s imultaneously.  A minimum guard spac ing  between a d j a c e n t  Penetrometer  
channels  of  2 MHz i s  requi red .  Each received RF c a r r i e r  i s  frequency mod- 
u l a t e d  by a 40 KHz s u b c a r r i e r  which i n  t u r n  i s  ampli tude modulated by the  
a c c e l e r a t i o n  t r a c e .  Each r e c e i v e r  i s  requi red  t o  o p e r a t e  f o r  i n p u t  s i g n a l  
l e v e l s  over  a dynamic range from -80 dbm and -20 dbm, and must n o t  be 
damaged f o r  input  s i g n a l  l e v e l s  up t o  +20 dbm. 
(3) Response. Each r e c e i v e r  i s  requi red  t o  provide  t h e  fo l lowing  
c h a r a c t e r i s t i c s :  
Input  Bandwidth ( - 3  db) 700 kHz minimum 
Noise F igu re  15 db  
Subca r r i e r  Output Response 
Subca r r i e r  Output Bandwidth 0 t o  2 kHz 
Dive r s i ty  Switching Level  -107 dbw nominal 
Power Requirements 1 .6  wa t t s  
0 .5  v o l t s  p e r  % AM 
( 4 )  Outputs .  The a c c e l e r a t i o n  o u t p u t s  from each r e c e i v e r  a r e  
presented t o  the  d a t a  processor  f o r  r educ t ion ,  d i s p l a y ,  and r e - t r ansmiss ion  
t o  t h e  MSFN v i a  t h e  LEM S-band t r ansmiss ion  system. The d a t a  w i l l  be  re- 
t r ansmi t t ed  s e q u e n t i a l l y ,  u s ing  a d a t a  s t o r a g e  d e v i c e  i n  t h e  d a t a  p rocesso r  
i f  r e q u i r e d .  The t r ansmi t t ed  d a t a  w i l l  be  f i r s t  modulated on to  a 12.5 kHz 
constant-bandwidth s u b c a r r i e r ,  which i n  t u r n  w i l l  be f requency mul t ip lexed  
w i t h  the  crew vo ice  and t h e  composite s i g n a l  modulated onto  t h e  1.25 MHz 
S-band s u b c a r r i e r .  
d .  Environmental C o n s t r a i n t s .  The communications subsystem i s  
requi red  t o  opera te  s a t i s f a c t o r i l y  a f t e r  exposure t o  t h e  ground, launch,  
and f l i g h t  environments of t h e  Apollo miss ion  as  summarized i n  Tables  3.13 
t o  3 .16.  No u t i l i z a t i o n  of t h e  LEM Environmental  Con t ro l  System f o r  t he r -  
mal c o n t r o l  w i l l  be permi t ted .  
The communications subsystem i s  requi red  t o  be e l e c t r o m a g n e t i c a l l y  compatible  
wi th  t h e  LEM. Receiver  Local O s c i l l a t o r  f r e q u e n c i e s  must be chosen t o  
minimize genera t ion  of spu r ious  frequency components w i t h i n  t h e  o p e r a t i o n a l  
LEM communication system RF and I F  passbands.  
e .  Conf igura t ion .  Minimizat ion o f  weight  and volume c o n s i s t e n t  w i th  
performance and r e l i a b i l i t y  requirements  i s  a primary o b j e c t i v e  f o r  t h e  
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communication subsystem d e s i g n .  
i n  a u n i t  mounted t o  the  LEM descent  s t a g e .  The antenna subassembly may 
be b u t  i s  n o t  n e c e s s a r i l y  r equ i r ed  t o  be ,  mounted wi th  t h e  e l e c t r o n i c s  
p o r t i o n .  Location of t h e  antenna subassembly i s  cons t r a ined  by t h e  re-,  
quirement f o r  an adequate coverage f a c t o r  a long  a s o l i d  a n g l e  roughly 
descr ibed  by a hemisphere centered  upon t h e  v e c t o r  along t h e  v e h i c l e  f l i g h t  
pa th  du r ing  t h e  LEM t e rmina l  landing maneuvers from Low Gate t o  t h e  hover 
p o i n t .  
The e l e c t r o n i c s  p o r t i o n  w i l l  be packaged 
(1) Ac t iva t ion  and Cont ro l .  Subsystem o p e r a t i o n  w i l l  be  i n i t i a t e d  
by an e x t e r n a l  c i r c u i t  c l o s u r e ,  probably du r ing  t h e  t e rmina l  phase of t h e  
F i n a l  Approach. S u f f i c i e n t  s e l f - check  c i r c u i t r y  i s  requi red  t o  r e v e a l  
gross  mal func t ions  i n  t h e  system. 
(2) C a l i b r a t i o n .  A des ign  o b j e c t i v e  i s  t h a t  no i n - f l i g h t  c a l i b r a t i o n  
be r e q u i r e d .  
(3)  Engineering Measurements. Adequate test p o i n t s  a r e  r equ i r ed  t o  
permit d e t e c t i o n  by f i e l d  personnel  of  equipment mal func t ion  t o  t h e  lowest 
r e p l a c e a b l e  subassembly l e v e l .  Receiver Automatic Gain Cont ro l  (AGC) w i l l  
be condi t ioned  f o r  t e l eme te r ing  t o  t h e  MSFN v i a  t h e  S-band PCM Telemetry 
system as a p o s i t i v e  i n d i c a t i o n  of  both r e c e i v e r  and Penetrometer pe r fo r -  
mance. 
g .  Notes. This document i s  in tended  t o  s p e c i f y  f u n c t i o n a l  r equ i r e -  
ments on ly .  Reference t o  any p a r t i c u l a r  method of mechanization i s  made 
f o r  c l a r i t y  only .  
3 . 3 . 6  DATA PROCESSOR 
a .  Purpose. A Penetrometer impacting on t h e  luna r  s u r f a c e  t r ansmi t s  
a record  of i t s  a c c e l e r a t i o n - t i m e  h i s t o r y .  From t h i s  s i g n a l ,  parameters 
may be measured t h a t  a r e  r e l a t e d  t o  dep th  of p e n e t r a t i o n  and q u a l i t i e s  of 
hardness  and d e n s i t y .  
a c c e p t a b l e  f o r  a s a f e  LEM l and ing  y i e l d s  a d e c i s i o n .  
Comparing these  v a l u e s  wi th  those  known t o  be 
The LEM crew w i l l  b e  too  busy t o  i n t e r p r e t  t h e  raw d a t a .  The CSM may n o t  
be  w i t h i n  l i n e - o f - s i g h t  of t h e  L E M  so t h a t  i t s  crew cannot always do t h e  
i n t e r p r e t i n g .  Sending t h e  raw d a t a  t o  Ea r th  and t h e  d e c i s i o n  back t o  t h e  
LEM would t ake  an a d d i t i o n a l  3 seconds which i s  too  v a l u a b l e  t o  use f o r  
communication a t  t h i s  phase of  t h e  LEM t r a j e c t o r y .  Therefore ,  a Data Pro- 
c e s s o r  which i s  an e l e c t r o n i c  subsystem i s  on t h e  LEM t o  e x t r a c t  t he  
in fo rma t ion  from t h e  Penetrometer s i g n a l .  
b .  Desc r ip t ion .  The inpu t  s i g n a l  t o  t h e  Data Processor  i s  t h e  
Penet rometer  a c c e l e r a t i o n - t i m e  h i s t o r y  from t h e  Receiver subsystem. Th i s  
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p r o f i l e  a s  w e l l  as i t s  success ive  i n t e g r a l s  and d i f f e r e n t i a l s  a r e  de t ec t ed  
f o r  s p e c i f i c  va lues  of parameters.  
from a s i n g l e  Penetrometer then  they  a r e  compared t o  y i e l d  a single dec i -  
s ion .  The 
r e s u l t  i s  t r a n s f e r r e d  a s  an a c t i v a t i n g  s i g n a l  t o  t h e  Display Subsystem. 
S ince  a dec i s ion  about t h e  lunar  s u r f a c e  i s  made from each Penet rometer ,  
no f u r t h e r  i n t e r p r e t a t i o n  nor  d a t a  conversion i s  requi red  of t h e  Display 
subsystem. The subsystem can accept  d a t a  from more than  one Penetrometer 
s imul taneous ly .  However, t h e r e  i s  but  one p rocess ing  assembly so t h a t  d a t a  
i s  t i m e  buffered t o  a l low for  s e q u e n t i a l  o p e r a t i o n s .  A f u n c t i o n a l  diagram 
of t h e  Data Processor i s  shown i n  F igure  3 - 4 3 .  
When more than  one parameter i s  measured 
The ope ra t ions  occur  r a p i d l y  t o  r ende r  an immediate d e c i s i o n .  
c .  Data Handling. 
(1) Opera t iona l  P r o f i l e .  The Data P rocesso r  i s  turned  on f i v e  
minutes p r i o r  t o  be ing  used. It i s  n o t i f i e d  which Penet rometers  have been 
launched- by the c o n t r o l  e l e c t r o n i c s .  
t i a l l y  switched among the  a c t i v a t e d  channels s ea rch ing  f o r  a s i g n a l .  D w e l l  
time i s  n o t  more than  2 seconds p e r  channel a t  t h e  end of which a l l  p rocess-  
i n g  c i r c u i t r y  i s  r e s e t .  To ta l  l i f e t i m e  from turn-on i s  no more than  t e n  
minutes.  
An e l e c t r o n i c  commutator i s  sequen- 
(2)  Input .  
(a)  Analog a c c e l e r a t i o n  ve r sus  t i m e  p r o f i l e s  up t o  
4 0 0  msec d u r a t i o n  each a r e  p re sen ted  t o  t h e  Data 
P rocesso r ,  each on a s e p a r a t e  channel .  The 
channels are  a c t i v a t e d  by t h e  r e c e i v e r  e i t h e r  
s e p a r a t e l y  o r  s imu 1 t aneous l y  . 
(b) T h e o r e t i c a l  i n p u t  v e l o c i t y  and impact ang le  a r e  
computed by and s t o r e d  i n  t h e  c o n t r o l  e l e c t r o n i c s  
f o r  each Penetrometer a t  t i m e  of launch. This  
in format ion  i s  d e l i v e r e d  s e r i a l l y  t o  t h e  Data 
Processor  when t h e  commutator i s  connected t o  a 
r e c e i v e r  channel .  When t h e  commutator s e l e c t s  a 
new channel ,  a l l  c i r c u i t s  a r e  rest  and new i n i -  
t i a l  cond i t ions  computed. These o p e r a t i o n s  t a k e  
no more than  30 msec. 
(c) The c o n t r o l  e l e c t r o n i c s  swi t ches  t h e  e l e c t r o n i c  
comutator i n  t h e  Data P rocesso r .  
( 3 )  Response. The d a t a  i s  transformed from an analog inpu t  t o  a 
d i g i t a l  o u t p u t .  The bandwidth of ana log  p rocess ing  c i r c u i t s  m u s t  be such 
t h a t  t h e r e  i s  no more than  10 pe rcen t  d e g r a d a t i o n  i n  t h e  parameter t o  be 
measured. Data should be re juvenated  if r e t a i n e d  i n  ho ld ing  c i r c u i t s  f o r  
long pe r iods .  D i g i t a l  swi tch ing  c i r c u i t s  have t i m e  c o n s t a n t s  t h a t  a r e  
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w i t h i n  precent  of nominal. From t h e  commutator t o  t h e  d i s p l a y ,  an 
ana log  time s i g n a l  i s  prepared so t h a t  it can bemeasured and parameters  
e x t r a c t e d  and de l ive red  d i g i t a l l y  f o r  l o g i c  comparison t o  y i e l d  a d e c i s i o n .  
( 4 )  output  
A d i g i t a l  s i g n a l  i s  d e l i v e r e d  t o  t h e  Disp lay  sub- 
s y s t e m  f o r  t h e  purpose of r e g i s t e r i n g  a d i s c r e t e  
d e c i s i o n  concerning t h e  s u r f a c e ,  e .g .  , hard-medium- 
s o f t  o r  good-marginal-bad. A s i g n a l  ou tpu t  i s  
given f o r  each penetrometer launched. 
From t h e  d e c i s i o n  c i r c u i t  an a c t i v a t i n g  s i g n a l  
i s  d e l i v e r e d  t o  a cont inuous- reading  meter  i n  
t h e  Disp lay .  The s i g n a l  r e p r e s e n t s  a v e r n i e r  
on the  coa r se  d i g i t a l  d a t a  t h a t  i n d i c a t e s  t h e  
degree  of ha rdness ,  e t c .  
d .  Environmental C o n s t r a i n t s .  
(1) Self-Induced. During o p e r a t i o n ,  t h e  Data P rocesso r  may no t  
overhea t  t h e  compartment w i t h i n  which i t  is  l o c a t e d .  For a h igh ly  d i s s i -  
p a t i v e  network a se l f - con ta ined  cool ing  u n i t  must be provided a s  p a r t  of 
t h e  Sounding Probe. 
(2 )  Natura l .  During launch from Ear th ,  Earth-Moon t r a n s i t  and 
lunar  descent  t h e  Data P rocesso r  must s u r v i v e  t h e  environment e x i s t i n g  
w i t h i n  t h e  LEM descent  s t a g e .  I f  h e a t i n g  i s  requi red  f o r  thermal c o n t r o l  
i t  must be provided by t h e  Sounding Prove. 
(3) Man-Induced. The l a s t  check-out w i l l  occu r  p r i o r  t o  Ea r th  
launch. There w i l l  b e  no t e s t s  conducted from t h i s  t i m e  u n t i l  t h e  u n i t  i s  
used du r ing  lunar d e s c e n t .  I n  t h e  event  of a landing  a b o r t  where the  
descen t  s t a g e  i s  r e l eased  from t h e  a s c e n t  s t a g e  t h e  Data P rocesso r  s h a l l  
be deac t iva t ed  so a s  no t  t o  cause  any new concern o r  d i s t r a c t i o n .  
e .  Conf igura t ion .  
(1) - Size . The Data Processor  i s  almost e x c l u s i v e l y  e l e c t r o n i c .  
The major po r t ions  of i t s  weight are independent of  t h e  number of Penetrom- 
e te r  channels .  For Penetrometers i t  weighs pounds. The Data 
Processor  i s  contained wi th  an envelope whose volume i s  i n  . 3 
(2)  Deployment and O r i e n t a t i o n .  The subsystem i s  conta ined  w i t h i n  
t h e  LEM descent  s t a g e  but  t h e r e  i s  no p r e f e r r e d  o r i e n t a t i o n .  P r i o r  t o  
l i f t - o f f  from the  Moon, an u m b i l i c a l  cab le  i s  d isconnec ted  between t h e  
a scen t  and descent s t a g e s .  
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f .  Support 
(1) Ac t iva t ion  and Cont ro l .  The c o n t r o l  e l e c t r o n i c s  provide  s i g n a l s  
f o r  s t e p p i n g  t h e  commutator swi tch  and i t  provides  i n p u t  d a t a  t o  t h e  i n i -  
t i a l  c o n d i t i o n  g e n e r a t o r .  Vol tage  a t  28 v o l t s  DC i s  obta ined  from t h e  LEM 
power supply .  Average power requirements a r e  w a t t s .  Peak su rges  of 
wa t t s  f o r  seconds w i l l  occur when up t o  e i g h t  squ ibs  a r e  
i g n i t e d  s imul taneous ly .  I n  t h e  event of a landing  a b o r t  where t h e  descent  
s t a g e  i s  d isconnec ted  from the ascent  s t a g e ,  v o l t a g e  s h a l l  be removed from 
the  Data Processor  i n  o r d e r  n o t  t o  d r a w  power from t h e  LEM power supply .  
(2)  C a l i b r a t i o n .  A l l  permanent i n i t i a l  cond i t ions  and adjustments 
a r e  made p r i o r  t o  Ear th  launch. 
(3)  Engineering Measurements. None requi red  du r ing  opera t ion .  
g .  - Notes. This document i s  intended t o  s p e c i f y  f u n c t i o n a l  r equ i r e -  
ments on ly .  Reference t o  any p a r t i c u l a r  method of mechanization i s  made 
f o r  c l a r i t y  on ly .  
3 .3 .7  DISPLAY 
a .  Purpose. The Disp lay  System i s  intended t o  provide  t h e  LEM 
a s t r o n a u t s  with a v i s u a l  i n d i c a t i o n  of t h e  l o c a l  s a f e  l and ing  p r o b a b i l i t y  
based upon a Penetrometer impact. 
b .  Desc r ip t ion .  The Display i s  composed of two min ia tu re  conso le s ,  
each measuring 2" x 3 
t h e  wrists of each LEM a s t r o n a u t  during the  t i m e  of u s e .  They a r e  connected 
t o  t h e i r  r e s p e c t i v e  LEM console  panels by means of a w i r e  ha rness  and 
a mating connector a t  t h e  pane l .  One of t h e  two d i s p l a y  consoles  i s  shown 
i n  F igu re  3 - 4 4 .  This  system i s  shown p r i o r  t o  deployment. The readout i s  
provided by two s e p a r a t e  means. Analog readout i s  der ived  by a , l i n e a r  
p o i n t e r .  This  p o i n t e r  moves upward p r o p o r t i o n a l  t o  t h e  bea r ing  s t r e n g t h  
of t h e  s o i l  a s  d e t e c t e d  by t h e  Penetrometer.  A d d i t i o n a l l y ,  a t h r e e - s t a g e  
s e t  of d i g i t a l  s teps  i s  provided between. Each of t h e s e  readings  i s  a l i g h t  
pane l  and w i l l  s u c c e s s i v e l y  i n d i c a t e  t h e  t e r r a i n  c o n d i t i o n .  The "launch" 
l i g h t  i s  a c r i v a t e d  a t  Penetrometer launch. The Consoles a r e  d isconnec ted  
a f t e r  l and ing  and l e f t  on t h e  l u n a r  s u r f a c e .  
x 4" .  These consoles  a r e  p r e f e r a b l y  a t t ached  t o  
c .  Data Acqu i s i t i on .  Inputs  t o  t h e  Display Consoles a r e  provided by 
means of t h e  w i r e  h a r n e s s .  S igna ls  o r i g i n a t e  i n  t h e  s i g n a l  process ing  
e l e c t r o n i c s  loca t ed  i n  t h e  Descent S tage  and a r e  re layed  t o  t h e  console  a s  
d i s c r e t e  s i g n a l s  f o r  t h e  d i g i t a l  da t a  and an analog ou tpu t  f o r  t h e  l i n e a r  
p o i n t e r .  The d i s p l a y  system conta ins  no s i g n a l  e l e c t r o n i c s  o r  o t h e r  process- 
















d .  Environmental C o n s t r a i n t s .  The d i s p l a y  consoles  a r e  designed 
t o  be compatible wi th  t h e  LEM Environmental S p e c i f i c a t i o n  requi rements .  
e .  I n t e r f a c e  D e f i n i t i o n .  This system i s  i n t e g r a l  t o  t h e  LEM 
Descent package p o r t i o n  of t h e  Sounding Probe. 
a 40 p in  umbi l i ca l  a t  t h e  a scen t /descen t  i n t e r f a c e .  
E l e c t r i c a l  s e r v i c e  i s  v i a  
f .  Notes.  This document i s  in tended  t o  spec i fy  f u n c t i o n a l  requi re -  
Reference t o  any p a r t i c u l a r  method of mechanization i s  made ments on ly .  




LEM PAD IMPACT TESTING AND DATA ANALYSIS 
LEM Pad Impact T e s t i n g  was extended t o  o b t a i n  a wider range o f  paramet r ic  
d a t a ,  no tab ly  t h e  v a r i a t i o n  o f  impact v e l o c i t y  t o  3 and 7 f t / s e c  from t h e  
p rev ious ly  t e s t e d  10 f t / s e c .  The r e s u l t s  are  repor ted  below. There was 
a n a l y s i s  o f  t h i s  t e s t  d a t a  and f u r t h e r  work accomplished i n  c o r r e l a t i n g  
penetrometer  t es t  r e s u l t s  w i t h  LEM Pad t e s t  r e s u l t s .  Also,  t h e r e  was f u r -  
t h e r  i n v e s t i g a t i o n  of t h e  a n a ? y t i c a l  model f o r  a body impacting i n t o  par-  
t i c u l a t e  s o i l  examples. No f i n a l  conclus ions  were reached f o r  understan-  
d i n g  t h e  complex dynamic pene t r a t ion  phenomena, bu t  sugges t ions  a r e  made 
f o r  cont inued e f f o r t  involv ing  more b a s i c  s o i l  mechanics s t u d i e s .  A t  t h e  
moment i t  i s  necessary  t o  r e l y  upon empi r i ca l  c o r r e l a t i o n s  wi thout  t h e  
s a t i s f a c t i o n  of  a n a l y t i c a l  understanding.  
4 .1  LEM PAD IMPACT TESTING 
1 
4 .1 .1  TEST OBJECTIVES AND DESCRIPTION 
The t e s t  o b j e c t i v e s  were t o  o b t a i n  LEM pad impact d a t a  f o r  v e l o c i t i e s  of 
less  than  10 f t / s e c  i n  o r d e r  t o  e s t a b l i s h  t r e n d s  of pad p e n e t r a t i o n  wi th  
r e s p e c t  t o  impact speeds.  The nominal f r e e - f a l l  v e l o c i t i e s  used i n  t h e s e  
t e s t s  were 3 f t / s e c  and 7 f t / s e c .  The t a r g e t  m a t e r i a l s  were: 
(1) Loose Nevada 120 mesh sand (Nev 120-2L). 
(L) Compacted Nevada 120 mesh sand (Nev 120-1) .  
( 3 )  Loose Nevada 60 mesh sand (Nev 60-2). 
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These m a t e r i a l s  were condi t ioned  t o  d u p l i c a t e  those  used i n  t h e  LEM 10 f t /  
s e c  t e s t s .  S t a t i c  bea r ing  s t r e n g t h  measurements were made p r i o r  t o  each 
tes t  us ing  a 2-1/2 inch s p h e r i c a l  probe t o  v e r i f y  proper  t a r g e t  m a t e r i a l  
cond i t ion ing .  The LEM t e s t  ma t r ix  shown i n  Table  4 . 1  d e f i n e s  t h e  t e s t  pro- 
gram conducted 
The t e s t  f a c i l i t y ,  which was descr ibed  i n  d e t a i l  i n  Reference 1, requi red  
s l i g h t  changes t o  accomplish t h e s e  t e s t s .  Spacers  were made t o  a l low 
changes of f r e e  f a l l  d i s t a n c e  which governed t h e  impact v e l o c i t y .  A ve loc-  
i t y  t r ansduce r  was added t o  t h e  e x i s t i n g  l o a d ,  a c c e l e r a t i o n ,  and d i s p l a c e -  
ment s ens ing  s y s t e m s  t o  provide a d i r e c t  masurement  of mass v e l o c i t y  a t  
t h e  i n s t a n t  the pad contac ted  t h e  t a r g e t  m a t e r i a l .  Because t h i s  t r ansduce r  
was l imi t ed  t o  v e l o c i t y  measurements over  a 7- inch t r a v e l ,  i t  was pos i t i oned  
t o  provide  da t a  s t a r t i n g  t h r e e  inches  be fo re  con tac t  of t h e  pad on t h e  t a r -  
g e t  s u r f a c e .  The fol lowing dynamic t i m e  h i s t o r i e s  were recorded .  
(1) Mass Veloc i ty  
( 2 )  Mass Displacement 
(3) Gravi ty  S imula tor  Load 
( 4 )  Mass Accelera t ion  
(5) LEM Pad  Acce lera t ion  
( 6 )  S t r u t  Compression Load 
(7 )  S t r u t  Compression 
4 . 1 . 2  DYNAMIC TEST RESULTS 
a .  Composite Data Table.  The composite d a t a  t a b l e  shown i n  
Table  4 .2  t a b u l a t e s  t h e  d a t a  taken from o s c i l l o g r a p h  r eco rds  of each t e s t .  
For  each recorded parameter ,  t h e  percent  d e v i a t i o n  of t h e  recorded va lue  
from t h e  s p e c i f i e d  o r  nominal va lue  i s  i n d i c a t e d .  A s  expec ted ,  c o n t r o l  
over  t h e  3 f t / s e c  parameter was d i f f i c u l t  t o  h o l d .  S t a t i s t i c a l l y ,  t h e  
s tandard  dev ia t ion  of v e l o c i t y  from the  average  v a l u e  was 15 .5  percent  i n  
t h e  se t  of 3 f t l s e c  t e s t s .  C lose r  c o n t r o l  over  t h e  o t h e r  parameters  w i l l  
be noted .  
Reference 1. "Research, Development and P re l imina ry  Design f o r  t h e  Lunar 
Penetrometer System Appl icable  t o  t h e  Apollo Program," 
F ina l  Report  ( P u b l i c a t i o n  No. U-3556). 
4-  2 
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B 3 FT/SEC 
I 
lYNAMI DAT  DIFF 
0.8301 0.4 
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1.833 --t-=t= 0.876 5 .2  
LEM- 3 1 















7 . 9  112 .7  
& 6200 3.3 
_1_ 
14.97 0 . 2  * 
65001 - 
0.847 =I-= 1.6 
F04393 U 
b ,  LEM Pad P e n e t r a t i o n  Versus Ve loc i ty  Data.  LEM pad p e n e t r a t i o n  
and t o t a l  s t r u t  displacement d a t a  are summarized g r a p h i c a l l y  i n  F igu re  4 - 1  
f o r  t h e  4000 l b  mass and i n  F i g u r e  4-2  f o r  t h e  8000 l b  mass. The s o l i d  
curves  r e p r e s e n t  pad p e n e t r a t i o n  w h i l e  t h e  dashed l i n e s  r e p r e s e n t  t o t a l  
LEM mass d isp lacements .  Some ind ica t ed  t r ends  a r e :  
I 
(1) A t  3 f t / s e c ,  t o t a l  mass displacement c o n s i s t e d  
p r i m a r i l y  of pad p e n e t r a t i o n .  
( L )  A s  v e l o c i t y  was increased  from 3 f t / s e c  t o  
7 f t / s e c ,  on ly  s l i g h t  i n c r e a s e s  i n  p e n e t r a t i o n  
occurred ,  bu t  sha rp  i n c r e a s e s  i n  honeycomb 
crush  were noted .  
c .  LEM Landing Pad Pene t r a t ion  Versus Bearing S t r e n g t h .  A summary 
of t h e  LEM Pad measured depth  of pene t r a t ions  a s  a f u n c t i o n  of m a t e r i a l  
r e l a t i v e  bea r ing  s t r e n g t h  i s  shown g r a p h i c a l l y  i n  F igu re  4 - 3 .  Some t r ends  
i n d i c a t e d  from t h i s  curve a r e :  
t 
(1) A r ap id  i n c r e a s e  i n  p e n e t r a t i o n  occurred  i n  
m a t e r i a l s  of lower bear ing  s t r e n g t h  than  t h e  
Nevada 60- 2 Sand. 
(1) The Nevada 120-1  (compacted) m a t e r i a l  exh ib i t ed  
h i g h  r e s i s t a m e  t o  p e n e t r a t i o n ,  and the  landing 
mass a d  v e l o c i t y  only s l i g h t l y  a f f e c t e d  t h e  
p e n e t r a t i o n .  
d .  LEM Landing Pad Pene t r a t ion  Versus T i m e .  F igu re  4-4  shows LEM 
F igure  4-5 shows LEM Pad pene- 
Pad p e n e t r a t i o n  v e r s u s  t i m e  f o r  t h ree  m a t e r i a l s  w i t h  a nominal 4000 pound 
mass and a nominal v e l o c i t y  of  3 f t / s e c .  
t r a t i o n  ve r sus  t i m e  f o r  t h e  t h r e e  ma te r i a l s  and 4000 pound mass a t  a 
v e l o c i t y  of 7 f t / s e c .  Some t r e n d s  i n d i c a t e d  a re :  
(1) Almost no pene t r a t ion  overshoot occur red  l i k e  
t h a t  observed dur ing  t h e  10 f t / s e c  l and ing  
tes t s .  
(2)  P e n e t r a t i o n  r i s e  time showed l i t t l e  dependence 
on v e l o c i t y .  
I n d i v i d u a l  pad pene t r a t ion - t ime  curves f o r  each t e s t  a r e  included i n  t h e  
LEM t e s t  d a t a  book a long  wi th  copies of  o s c i l l o g r a p h  r e c o r d s ,  s t a t i c  t es t  
measurements and bea r ing  s t r e n g t h  r eco rds .  The d a t a  book i s  being submit- 
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T E S T  CONDITIONS 
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4 . 2  DATA CORRELATION AND ANALYTICAL MODELS 
4 . 2 . 1  LEM PAD TEST DATA 
P r i o r  t e s t s  conducted a t  10  f t / s e c  had i n d i c a t e d  t h a t  LEM pad p e n e t r a t i o n  
i n t o  l o o s e l y  packed m a t e r i a l s ,  such a s  Nevada 120-2L s a n d ,  was c o n s i d e r a b l y  
g r e a t e r  t han  p r e d i c t e d .  Th i s  phenomenon had been a t t r i b u t e d  t o  a "jackham- 
m e r  e f f e c t "  r e l a t e d  t o  t h e  c r u s h i n g  o f  i n d i v i d u a l  c e l l s  i n  t h e  c r u s h a b l e  
honeycomb s t r u t .  The c u r r e n t  s e r i e s  o f  t e s t s  a t  v e l o c i t i e s  of  3 f t / s e c ,  
where honeycomb c r u s h i n g  i s  n e g l i g i b l e ,  demonstrated t h a t  p e n e t r a t i o n  
dep ths  i n  t h e  l o o s e  m a t e r i a l s  a r e  s t i l l  s i g n i f i c a n t l y  i n  e x c e s s  (50 - 100 
p e r c e n t )  of a n a l y t i c  p r e d i c t i o n s  based on measured LEM pad s t a t i c  resis-  
t a n c e  c h a r a c t e r i s t i c s  f o r  l o o s e  g r a n u l a r  t a r g e t  m a t e r i a l s .  T h e r e f o r e ,  t h e  
jackhammer a c t i o n "  a r i s i n g  from non-uniform honeycomb c r u s h i n g  c h a r a c t e r -  
i s t i c s  canno t  e x p l a i n  t h e  deep  p e n e t r a t i o n  phenomena i n  t h e  new d a t a .  
Tab le  4 . 3  i l l u s t r a t e s  t h e s e  e x c e s s i v e  p e n e t r a t i o n  v a l u e s .  
11 
Continued s t u d y  of t h i s  problem i n d i c a t e s  t h a t  t h e r e  may be a g e n e r a l  
impact-induced vo id  r a t i o  r e d u c t i o n  i n  t h e  more l o o s e l y  packed g r a n u l a r  
t a r g e t s .  
a s  a new t e n t a t i v e  h y p o t h e s i s  t o  e x p l a i n  t h e s e  anomal i e s .  
The r e s u l t i n g  g e n e r a l  "slump" o r  compaction c o n d i t i o n  i s  o f f e r e d  
4 . 2 . 2  CONTINUED DETAILED STUDY OF PENETROMETER DATA 
rnl i n e  u l t i m a t e  aiiii 01 this st i i jy  is t o  deteriiiine the r e l a t i m s h i p  be tveen  
v e l o c i t y  and dynamic f o r c e  and t o  examine t h e  n a t u r e  of t h e  s o - c a l l e d  
" s t a g n a t i o n  mass" ( o r  " a p p a r e n t  mass") e f f e c t s .  I n  o r d e r  t o  accomplish 
t h i s  a i m ,  t h e  p r e c i s e  i n t e g r a t i o n  of a c c e l e r a t i o n - t i m e  t r a c e s  i s  r e q u i r e d  
t o  o b t a i n  d e t a i l e d  v e l o c i t y  and depth r e l a t i o n s .  The s t u d y  i s  fundamental ly  
handicapped by a n  absence  of  p r o j e c t i l e - s i z e  s t a t i c  p e n e t r a t i o n  d a t a  
measured i n  t h e  t a r g e t  b i n  a t  t h e  t i m e  of dynamic t e s t i n g .  Of n e c e s s i t y ,  
LEM pad t e s t  p i t  d a t a  must be u t i l i z e d  t o  de t e rmine  t h e s e  s t a t i c  p e n e t r a -  
t i o n  v a l u e s .  
Pene t romete r  t es t  d a t a  i n d i c a t e  t h a t  t h e  s t a t i c  p e n e t r a t i o n  r e s i s t a n c e  of 
g r a n u l a r  t a r g e t  m a t e r i a l s  a r e  c o n s i d e r a b l y  i n  e x c e s s  o f  t h e  dynamic f o r c e  
l e v e l s  g i v e n  by t h e  " t a i l - o f f  plateau ' '  o r  "pedes t a l "  of  t h e  i n d i v i d u a l  
a c c e l e r a t i o n  t r a c e ,  e s p e c i a l l y  a t  low v e l o c i t i e s .  When dynamic f o r c e  i s  
p l o t t e d  a g a i n s t  d e p t h  of  p e n e t r a t i o n  a t  i n c r e a s i n g  v e l o c i t i e s  and t h e  
s t a t i c  b e a r i n g  s t r e n g t h  c u r v e  superimposed, t h e  s t a t i c  f o r c e  e x c e s s  c a n  b e  
i l l u s t r a t e d  and r e l a t i o n s h i p s  r e l a t i v e  t o  v e l o c i t y  o b t a i n e d .  The concept  
of  t h e  s t a t i c - d y n a m i c  c r o s s - p o i n t  is i l l u s t r a t e d  i n  F i g u r e  4 - 6 .  F i g u r e  4-7 
c o n s i s t s  o f  t h r e e  c u r v e s  f o r  p e n e t r a t i o n  of  D2M2 five-pound p r o j e c t i l e s  i n  
Nevada 120-2 sand: 
(1) Id '  c u r v e  - d e p t h  of p e n e t r a t i o n  ( i n  i n c h e s )  
a t  c r o s s - p o i n t  o f  s t a t i c  and dynamic f o r c e  
cu rves  v e r s u s  v e l o c i t y  ( i n  f t l s e c ) .  
4-11 
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FIGURE 4 - 6 .  STATIC-DYNAMIC CROSS POINT FOR SOIL PENETRATION 
4 - 1 3  
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(2) 'IF" curve - f o r c e  ( in  lbs )  a t  c ross -poin t  
versus  v e l o c i t y .  
F ve r sus  v e l o c i t y .  s t a t /  dyn ( 3 )  "R" curve - r a t i o  F 
It was o r i g i n a l l y  hoped t h a t  t he  "s tagnat ion  mass e f f e c t "  would account f o r  
t hese  d i f f e r e n c e s ,  but  "reasonable" estimates of t h i s  e f f e c t  based on 
parametr ic  i n v e s t i g a t i o n s  of t h e  so-cal led "conica l  wedge" concept do not  
appear  t o  account f o r  t h i s  e n t i r e  ananaly as shown i n  Table  4 . 4 .  There- 
f o r e ,  i t  appears  t h a t  t h e  "slump" o r  compaction reduct ion  i n  void r a t i o s  
may a l s o  be an i n f l u e n t i a l  f a c t o r  in  r e l a t i o n  t o  t h i s  e f f e c t .  
4 . 2 . 3  SOIL MECHANICS STUDIES 
During t h e  course of t h e  Impact Research Program conducted under Phase I 
o f  t h e  Lunar Penetrometer System Cont rac t ,  s eve ra l  semi-empir ical  models 
and mathematical  express ions  were developed by Aeronutronic t o  d e p i c t  pene- 
t rometer  and LEM pad impact and pene t r a t ion  phenomena i n t o  p a r t i c u l a t e  
t a r g e t  ma te r i a l s .  
t a rge t -bea r ing  s t r e n g t h  and g ross  dens i ty  parameters .  They were adequate 
t o  demonstrate t h a t  an o v e r a l l  c o r r e l a t i o n  between impact and pene t r a t ion  
parameters  f o r  t h e  penetrometer and LEM pad cases  w i l l  rest upon de f in ing  
more s p e c i f i c  s t a t i c  and dynamic s o i l  p r o p e r t i e s  t h a t  e n t e r  i n t o  expressing 
t h e  dynamic r e a c t i o n  f o r  t h e  two cases .  I n  o rde r  t o  exped i t e  t h e  i s o l a t i o n  
of t h e s e  s p e c i f i c  p r o p e r t i e s  and mathematically r e l a t e  them to  an a n a l y t i c a l  
m o d e l ,  i t  has  been deemed d e s i r a b l e  t o  ob ta in  t h e  a s s i s t a n c e  of an expe r t  i n  
t he  f i e l d  of s o i l  mechanics who has had both s t a t i c  and dynamic exper ience ,  
and i s  w e l l  versed i n  t h e  physics  and mathematics of s o i l  r e a c t i o n s  t o  dy- 
namic loads .  Accordingly,  t h e  consu l t ing  s e r v i c e s  of D r .  Ronald F. S c o t t ,  
Assoc ia te  P ro fes so r ,  Div is ion  o f  Engineering and Applied Science,  C a l i f o r n i a  
I n s t i t u t e  o f  Technology, have been obta ined .  
These a n a l y t i c a l  models and express ions  were based upon 
4 -  15 
TABLE 4.4 
STAGNATION MASS (LB) VERSUS 
STAGNATION CONE ANGLE AND SPHERICAL P R O J E C T I L E  DIAMETER 
8 D  4 i n .  8 .5  i n .  12 i n .  
30° 0 . 0 1  0 . 1  0 . 3  
40 0.03 0 . 3  1.0 
60 0 .24  2 . 3  6 .6  
S t a g n a t i o n  Mass (LB) 






EVALUATION AND IMPROVEMENT OF PROTOTYPE PENETROMETERS 
T h i s  t a s k  inc luded  t h e  t e s t i n g  of  e x i s t i n g  p r o t o t y p e  pene t romete r s  and 
t h e  e v a l u a t i o n  o f  p o t e n t i a l  improvements i n  t h e  d e t a i l  d e s i g n  f e a t u r e s  of  
v a r i o u s  pene t romete r  modules. 
5.1 TESTING OF PROTOTYPE PENETR-@l4ETERS 
A series of  f i e l d  t e s t  impac t s ,  a s i n g l e  r i g i d  impact t e s t ,  and a c a p t i v e  
Hyge c a l i b r a t i o n  check were completed d u r i n g  t h i s  r e p o r t  p e r i o d  t o  
f a c i l i t a t e  t h e  e v a l u a t i o n  o f  P ro to type  Penetrometer  No. 3. By g e n e r a t i n g  
added subsystem performance d a t a ,  a b e t t e r  measure o f  pene t romete r  pe r -  
formance was e s t a b l i s h e d .  From t h i s  b a s i s ,  d e s i g n  m o d i f i c a t i o n s  may b e  
d e r i v e d  t o  i n c l u d e  i n  t h e  s p e c i f i c a t i o n  of  a f l i g h t  model pene t romete r .  
A n a l y s i s  and d a t a  r e d u c t i o n  e f f o r t s  were completed,  and a n  accaun t  of  t h e  
t e s t  r e s u l t s  o b t a i n e d  i s  p resen ted  i n  t h e  f o l l o w i n g  paragraphs.  
5.1.1 IMPACT TESTS 
The b l o c k  diagrams of F i g u r e s  5-1 and 5-2 d e p i c t  t h e  t e s t  s e t u p  employed 
f o r  t h e  f i e l d  t e s t  and Hyge impacts ,  r e s p e c t i v e l y .  M u l t i p l e  tes ts  were 
conducted under t h e  f o l l o w i n g  tes t  c o n d i t i o n s :  
(1) Impact test a t  27.7 f t / s e c  i n t o  u r e t h a n e  foam. 
(2 )  Impact tests a t  20 f t / s e c  i n t o  Nevada 120-2L Sand. 
( 3 )  Impact tes t  a t  45 f t / s e c  i n t o  Nevada 120-2L Sand. 
( 4 )  Rig id  Impact t e s t  a t  200 f t / s e c  o n t o  r i g i d  s t e e l  
p l a t e  u s i n g  Hyge. 
5-1 
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FIGURE 5-2.  HYGE IMPACT T E S T  SETUP FOR PROTOTYPE PENETROMETER NO. 3 
5-3 
I .  
F i g u r e  5-3 deno tes  t h e  r e s u l t s  observed i n  t h e  low v e l o c i t y  d r o p  tes ts  
i n t o  foam. F igu re  5-4 shows t h e  r e s u l t s  o b t a i n e d  w i t h  20 f t / s e c  d r o p s  
i n t o  a e r a t e d  t e s t  samples of Nevada 120-2L. F i g u r e  5-5 d e p i c t s  t h e  d a t a  
o b t a i n e d  i n  the 45 f t / s ec  impacts  i n t o  a e r a t e d  t e s t  samples o f  Nevada 
120-2L. 
Tab le  5.1 p r e s e n t s  a summary of  t h e  l o w - v e l o c i t y  d r o p  t es t  d a t a .  Because 
of  t h e  m u l t i p l i c i t y  o f  d r o p  t e s t s ,  t h e  pene t romete r  was k e p t  i n  a t r i c k l e  
cha rge  mode between tes t s .  The i n t e r v a l  between tes t s  c o i n c i d e d  w i t h  t h e  
d e l a y  t i m e  o f  20 minutes  a s s i g n e d  t o  t h e  Nevada 120-2L s a n d - s e t t l i n g  
f u n c t i o n .  The impact axes  f o r  t h e  t e s t  r e s u l t s  shown i n  Tab le  5 .1  and 
F i g u r e s  5-4 and 5-5 a r e  d e f i n e d  i n  F i g u r e  5-1. 
I n  g e n e r a l ,  good r e p e a t a b i l i t y  and e x c e l l e n t  o m n i d i r e c t i o n a l  s e n s i t i v i t y  
were observed i n  t h e  P r o t o t y p e  No. 3 low v e l o c i t y  t e s t s .  The s i x  d r o p s  
o f  F i g u r e  5-4 show a peak a c c e l e r a t i o n  mean v a l u e  o f  67.2 g w i t h  a mean 
d e v i a t i o n  o f  1.6 g. I n  F i g u r e  5-5 t h e  peak a c c e l e r a t i o n  mean v a l u e  o f  
323 g was noted w i t h  a mean d e v i a t i o n  of  6.6. The t h r e e  d r o p s  of  
F i g u r e  5-3 show a peak a c c e l e r a t i o n  mean v a l u e  o f  46.8 g w i t h  mean d e v i a t i o n  
o f  3.1 g. The a c c e l e r a t i o n  time h i s t o r i e s  r eco rded  were observed t o  be  
superimposed on a r e s i d u a l  40 KHz o u t p u t  o r  b i a s .  The b i a s  p l u s  acceler- 
a t i o n  magnitude were below t h e  s i g n a l  e l e c t r o n i c s  compression p o i n t  and 
were e a s i l y  i n t e r p r e t e d  w i t h  a p p l i c a t i o n  o f  t h e  i n i t i a l  h i g h - s e n s i t i v i t y  
s c a l e  f a c t o r .  
F i g u r e  5-6 shows t h e  t e s t  r e c o r d  f o r  t h e  Hyge impact of  Pene t romete r  
P r o t o t y p e  No. 3 a g a i n s t  a r i g i d  s u r f a c e .  Pre-  and p o s t - t e s t  r e s u l t s  
i n d i c a t e d  s a t i s f a c t o r y  pene t romete r  performance w i t h  t h e  e x c e p t i o n  o f  a 
s i g n i f i c a n t  40 KHz r e s i d u a l  o u t p u t  o r  b i a s .  Because t h e  a c c e l e r a t i o n -  
t i m e  p u l s e  developed about  t h e  b i a s e d  o p e r a t i n g  l e v e l ,  t h e r e  was an e f f e c -  
t i v e  v a r i a t i o n  i n  t h e  o r i g i n a l  channe l  d a t a  compression c h a r a c t e r i s t i c .  
Subsequent d a t a  r e d u c t i o n  e f f o r t s  r e q u i r e d  a p p l i c a t i o n  o f  b o t h  t h e  h i g h  
and low s e n s i t i v i t y  scale  f a c t o r s  de t e rmined  i n  t h e  o r i g i n a l  P r o t o t y p e  
No. 3 c a p t i v e  c a l i b r a t i o n s .  The scale f a c t o r  f o r  t h e  r e g i o n  below compres- 
s i o n  i s  0.174 KHz/g and f o r  t h a t  r e g i o n  above compression i s  0.008 KHz/g. 
The compression p o i n t  was observed t o  have a mean v a l u e  o f  85 KHz based 
upon t h e  i n d i v i d u a l  a x i s  c a l i b r a t i o n s  of P r o t o t y p e  No. 3. Consequent ly  
t h e  impact peak d e f l e c t i o n  o f  107.3 KHz i s  i n t e r p r e t e d  by a p p l y i n g  t h e  
h i g h - s e n s i t i v i t y  s c a l i n g  f o r  t h e  i n i t i a l  85 KHz, i .e.  492 g and add ing  t o  
it t h e  g v a l u e  co r re spond ing  t o  22.3 KHz a t  t h e  low s e n s i t i v i t y  s c a l i n g ,  
i . e . ,  2790 g ,  r e s u l t i n g  i n  a peak v a l u e  o f  3282 g. It shou ld  be no ted  
t h a t  some l i m i t e r  r u p t u r e  o c c u r r e d  on impact and some r e d u c t i o n  i n  t h e  
"g" l e v e l  r e g i s t e r e d  may have occur red .  
a l s o  shown i n  F igu re  5-6, was observed t o  e x h i b i t  289 peak g v a l u e .  
The Hyge ram a c c e l e r a t i o n  p u l s e ,  
The Hyge impact d a t a  of  P r o t o t y p e  No. 2 r e p o r t e d  i n  Appendix C o f  t h e  




COND I TIONS 
IMPACT VELOCITY = 
2 7 . 7  F T f S E C  
S O I L  MATERIAL = 
URETHANE FOAM 
DROP TEST NO.  3 
DROP TEST NO. 4 
1-17 MS -4
1- 18 MS 
DROP TEST NO. 5 
F03965 U 
FIGURE 5-3. ACCELERATION OUTPUT RESULTS FOR DROPS OF PROTOTYPE 




IMPACT VELOCITY = 
20 F T / S E C  
S O I L  MATERIAL = 
NEVADA 120-2L SAND 
PROTO 3 (LANDING ON AREA 1) 
DROP NO. 1 65 g 
PROTO 3 
DROP NO. 2 
(LANDING ON AREA 5) 
6 7 . 5  g 
PROTO 3 (LANDING ON AREA 3) 
DROP NO. 3 65.5 g 
55 MS 
PROTO 3 (LANDING ON AREA 4 )  
PROTO 3 
DROP NO. 5 69.5 g 
(LANDING ON AREA 2) 
PROTO 3 
DROP NO. 6 




F I G U R E  5-4. ACCELERATION OUTPUT RESULTS FOR DROPS O F  PENETROMETER 
PROTOTYPE NO. 3 
5 -6 
\ DROP NO.  1 
325 g LANDED N O .  1 U P  
1 
I I I I I +  
65 MS 
DROP N O .  2 
n 
COND I T  I ON S 
I M P A C T  V E L O C I T Y  = 
DROP N O .  3 
A 
62 MS 
45 F T / S E C  
\325 g LANDED U P  BETWEEN 4 AND 5 S O I L  M A T E R I A L  = 
1 1 I 7  I 
NEVADA 120-2L SAND 
D R O P  NO.  5 
1 2  g LANDED N O .  5 U P  
1 I 
I I I 1 + I 
D R O P  N O .  6 
338 g LANDED N O .  6 U P  
1 C I  
I 1 1 I 1 
F03967 U 
F I G U R E  5-5. A C C E L E R A T I O N  OUTPUT R E S U L T S  F O R  ,DROPS O F  PENETROMETER 
P R O T O T Y P E  NO. 3 
5 - 7  
TABLE 5 . 1  








A. Nevada 120-2L Sand 
20 f t l s e c  (6.2 f t  d r o p  d i s t a n c e )  
G-Level Impact Axis 
65 Axis No. 1 
67.5 Between 3 & 5 
65.5 Axis N o .  3 
69 Axis No. 4 
69.5 Axis No. 2 








B. Nevada 120-2L Sand 
45 f t l s e c  (32 f t  d r o p  d i s t a n c e )  
G-Level Impact Axis 
325 Axis No. 1 Up 
325 Axis No. 3 Up 
3 15 Between 3 & 5 Up 
325 Between 4 & 5 Up 
312 Axis No. 5 Up 
338 Axis No. 6 Up 
G-Level 
Drop N o .  I 
1st Impact Bounce 
3 0.98' '  = 44 g 0.3" = 13.4 g 
4 1 . 0  " = 45 g 0.2"  = 1 2 . 8  g 
5 1.15" = 51 .5  g 0 . 4 "  = 17 .9  g 
C. Urethane Foam 
20 f t l s e c  
- 
Dura t i on 
1s t  Impact  Bounce 
Bounce 
D e  1 ay 
17 m s  12 m s  To + 383 m s  
17  m s  20 m s  
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o f f s e t  observed d u r i n g  t h e  impact t e s t .  A lesser v a l u e  was e x h i b i t e d  i n  
P r o t o t y p e  No. 2 which r e p r e s e n t e d  about 7 p e r c e n t  of f u l l  s c a l e .  Data was 
determined by us ing  t h e  h i g h  and low s e n s i t i v i t y  s c a l e  f a c t o r s  ( i . e . ,  
0.131 KHz/g and 0.0106 KHz/g, r e s p e c t i v e l y )  o b t a i n e d  from t h e  A c a l i b r a t i o n  
c u r v e  of F i g u r e  C-8  o f  t h e  above -c i t ed  Appendix. The Hyge ram a c c e l e r a t i o n  
p u l s e  peak va lue  was 275 g and t h e  impact shock peak a c c e l e r a t i o n  was 
3215 g ,  when i n c l u d i n g  compensation f o r  a z e r o  b i a s  e r r o r ,  The v a l u e s  
noted f o r  both P r o t o t y p e s ,  NOS. 2 and 3 ,  compare f a v o r a b l y ,  a l though  
g r e a t e r  u n c e r t a i n t y  i s  assumed p r e v a l e n t  i n  t h e  low s e n s i t i v i t y  r e g i o n ,  
above t h e  compression "knee". 
The a c c e l e r a t i o n  t r a c e  o f  P r o t o t y p e  No. 3 fo l lowing  impact was observed 
t o  "hang up". This performance anomaly w a s  a l s o  observed i n  t h e  P r o t o t y p e  
No, 2 impact data .  Gradual  decay t o  t h e  b i a s  l e v e l  occu r red  p r i o r  t o  
o s c i l l o g r a p h  shutdown, which was on t h e  o r d e r  of  impact p l u s  two seconds 
f o r  P r o t o t y p e  No. 3. S i m i l a r  e f f e c t s  were no ted  on P r o t o t y p e  No. 2 d a t a .  
The "nominal time c o n s t a n t "  deno ted  i n  t h e  l e v e l  decay w a s  1 . 2  sec and 0.5 
s e c  f o r  P ro to type  Nos. 2 and 3 ,  r e s p e c t i v e l y .  
5.1.2 CAPTIVE HYGE SHOCK TEST 
A c a p t i v e  c a l i b r a t i o n  check w a s  made on P r o t o t y p e  No. 3 t o  v e r i f y  o v e r a l l  
performance c h a r a c t e r i s t i c s  fo l lowing  t h e  e x t e n s i v e  low-ve loc i ty  tes ts  
and s i n g l e  r i g i d  impact t e s t .  Because of  the  l i m i t e r  r u p t u r e  a t  impac t ,  
t h e  e n t i r e  limiter w a s  removed f o r  t h e  c a l i b r a t i o n  check. 
1 
The penetrometer  p r o t o t y p e  No. 3 (wi thou t  limiter) was s u b j e c t e d  t o  two 
c a p t i v e  Hyge shocks of 1400g peak a c c e l e r a t i o n  a l o n g  i t s  p o l a r  a x i s .  Hyge 
ram a c c e l e r a t i o n ,  demodulated specimen s i g n a l ,  and specimen carr ier  
frequency were r eco rded  on o s c i l l o g r a p h  pape r  a t  100 i p s  u s i n g  t h e  s t a n d a r d  
set  of  i n s t r u m e n t a t i o n  a p p a r a t u s  which h a s  been documented i n  e a r l i e r  
r e p o r t s .  Minimum f l a t  f requency r e sponse  i n  t h e  r e c o r d i n g  system was 
2200 c p s  w i t h  l i n e a r  phase d e l a y  up t o  3700 c p s .  An a t t e m p t  to e x e c u t e  a 
t h i r d  shock t e s t  was u n s u c c e s s f u l  due t o  i n s u f f i c i e n t  ene rgy  i n  t h e  pene- 
t r o m e t e r  power supply.  
The d a t a  f r o m t h e  f i r s t  t e s t  i s  shown i n  F i g u r e  5-7. The b i a s  l e v e l  o r  
o f f s e t  was observed t o  be much less  t h a n  t h a t  obse rved  i n  t h e  p r e v i o u s  
impact t e s t s .  The h igh  s e n s i t i v i t y  s c a l e  f a c t o r  (below t h e  compression 
knee) w a s  determined to  be 0.169 KHz/g. 
v a l u e  ob ta ined  i n  t h e  i n i t i a l  Hyge c a p t i v e  t e s t .  The low s e n s i t i v i t y  
s c a l i n g  check involved o n l y  a one -po in t  check and ,  because  o f  a much 
g r e a t e r  u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h i s  r e g i o n ,  was n o t  e v a l u a t e d .  
second t e s t ,  da t a  shown i n  F i g u r e  5-8, deno ted  a marked r e d u c t i o n  i n  
performance,  implying some form of i n t e r m i t t e n t  b e h a v i o r .  A s  mentioned, a 
t h i r d  t e s t  was a b o r t e d  because of i n s u f f i c i e n t  b a t t e r y  power supp ly  
energy. Power supp ly  problems may have o c c u r r e d  d u r i n g  Test  2 when a 
s h o r t e d  u m b i l i c a l  connec to r  w a s  n o t e d .  





5.1.3 DISASSEMBLY AND DIAGNOSTIC TESTING 
It was ev ident  from t h e  second Hyge c a p t i v e  shot  t h a t  Prototype No. 3 
penetrometer had developed some i n t e r n a l  problems. One problem noted w a s  
f a i l u r e  of t h e  +17 v o l t  r egu la to r .  Another problem was a s soc ia t ed  with 
an abnormally h igh  o f f s e t  a s  evidenced by a r e s i d u a l  40 KHz ou tput  equal  
t o  approximately 20 percent  of f u l l  s c a l e .  
cons tan t  180 g a c c e l e r a t i o n .  It was t h e r e f o r e  decided t h a t  Penetrometer 
No. 3 would be disassembled t o  determine t h e  na tu re  of i t s  problems. 
This  output  would imply a 
The problem i n  t h e  r e g u l a t o r  w a s  found t o  be a d e f e c t i v e  2N222A t r a n s i s t o r  
which func t ions  a s  t h e  s e r i e s  r e g u l a t o r  f o r  ' the +17 v o l t  supply.  An 
autopsy performed upon t h i s  u n i t  d i sc losed  a c o l l e c t o r - t o - e m i t t e r  s h o r t  
and an open base l ead ,  a l l  i n t e r n a l  t o  t h e  t r a n s i s t o r  case .  It i s  
d i f f i c u l t  t o  determine t h e  cause of t h i s  malfunct ion because t h e  r e g u l a t o r  
performed normally upon r ep lac ing  t h e  f a u l t y  t r a n s i s t o r .  The t r a n s i s t o r  
normally i s  r equ i r ed  t o  d i s s i p a t e  approximately 320 m i l l i w a t t s .  It has  
a t o t a l  d i s s i p a t i o n  r a t i n g  a t  room ambient temperature  of 500 m i l l i w a t t s ,  
d e r a t i n g  wi th  e l eva ted  temperature a t  3 . 3 3  m i l l i w a t t  per  OC. 
t h a t  t h e  t r a n s i s t o r  can handle s a f e l y  t h e  load a t  temperatures  up t o  79OC 
(174OF). 
t rometer  i n t e r n a l  temperature  never approaches t h i s  f i g u r e ,  It i s  the re -  
f o r e  f e l t  t h a t  t h e  t r a n s i s t o r  f a i l e d  due t o  some o t h e r  cause. 
This impl ies  
It can be assumed from e a r l i e r  thermal  t e s t i n g  t h a t  t h e  pene- 
PAS described the u---- L L Y ~ ; ~  L - - L -  C ~ L B  were performed without t h e  
b a l s a  impact l i m i t e r .  A f i x t u r e  was f a b r i c a t e d  t o  hold t h e  penetrometer 
i nne r  sphere on t h e  ram. There i s  evidence t o  i n d i c a t e  t h a t  i n  t h e  
process  of f a s t e n i n g  t h e  f i x t u r e  on t h e  ram, t h e  f i x t u r e  was t i gh tened  
excess ive ly ,  thereby  mechanically s t r e s s i n g  t h e  penetrometer.  This  could 
have r e s u l t e d  i n  a momentary sho r t  i n s i d e  t h e  b a l l ,  causing r e g u l a t o r  
f a i l u r e .  Fu r the r  disassembly and t e s t i n g  were performed t o  determine t h e  
r e s i d u a l  40 KHz o f f s e t  problem. The s i g n a l  e l e c t r o n i c s  compartment was 
disassembled t o  i n v e s t i g a t e  t h e  o f f s e t  problem. These and o t h e r  d i a g n o s t i c  
i n v e s t i g a t i o n s  are r epor t ed  i n  f u r t h e r  d e t a i l  i n  t h e  fol lowing paragraphs.  
5.1.4 SUMMARY OF CALIBRATION AND PERFORMANCE ANOMALIES 
During t h e  course  of  t e s t i n g  i n i t i a l  p ro to type  penetrometers i n  t h e  o r i g i n a l  
LPS program, both c a l i b r a t i o n  and performance anomalies were observed t o  
e x i s t .  
desc r ibed  above. 
i n  t h e  fol lowing paragraphs and an account o f  t h e  subsequent i n v e s t i g a t i o n s  
and f i n d i n g s  are descr ibed  under sepa ra t e  headings fol lowing t h e  summary. 
Addi t iona l  obse rva t ions  were gained from t h e  eva lua t ion  t e s t i n g  
The p r i n c i p a l  problem areas noted a r e  summarized b r i e f l y  
( a )  E l e c t r i c a l  vs .  Dynamic Ca l ib ra t ion .  Both Prototype 2 and 3 
penetrometers  exh ib i t ed  problems a s soc ia t ed  wi th  c o r r e l a t i o n  o f  c a p t i v e  
Hyge dynamic c a l i b r a t i o n  and e l e c t r i c a l  c a l i b r a t i o n  u t i l i z i n g  t h e  s i g n a l  
5-13 
c a l i b r a t i o n  input  t o  t h e  s i g n a l  e l e c t r o n i c s .  The v a r i a t i o n  was g r e a t e s t  
i n  Pro to type  No. 2(2:1)  and somewhat less  i n  No. 3. To v i s u a l i z e  t h e  
elements  of t h e  problem under i n v e s t i g a t i o n ,  a s i m p l i f i e d  block diagram 
of t h e  f u n c t i o n a l  e lements  involved i s  shown i n  F i g u r e  5-9. A s  may be 
n o t e d ,  t h e  p h y s i c a l  and e l e c t r i c a l  input  s t i m u l i  f o r  c a l i b r a t i o n  were 
a p p l i e d  a t  two d i f f e r e n t  p o i n t s  i n  t h e  system. The FM r e c e i v e r  ( d i s c r i m i n -  
a t o r )  and AM demodulator have served  a s  o u t p u t  moni tor ing  p o i n t s  a t  v a r i o u s  
s t a g e s  of t e s t i n g .  D i f f e r e n c e s  i n  o u t p u t  c h a r a c t e r i s t i c s  could o c c u r ,  
t h e r e f o r e ,  i f  anomalies  occurred  i n  t h e  a c c e l e r o m e t e r ,  i n  t h e  s i g n a l  
e l e c t r o n i c s  input  s t a g e ,  i n  t h e  d i f f e r e n t  readout  monitor  p o i n t s ,  o r  
w i t h i n  any element i n  t h e  pene t rometer  subsystem whi le  s u b j e c t  t o  t h e  
p h y s i c a l  dynamic shock i n p u t .  
( b )  I n t e r n a l  vs. E x t e r n a l  Power. A l l  t e s t  r e c o r d s  of P r o t o t y p e  No. 3 
i n d i c a t e  an  apparent  i n c r e a s e  o f  s i g n a l  e l e c t r o n i c s  g a i n  whi le  o p e r a t i n g  
on i n t e r n a l  power. There are many p o s s i b l e  c a u s e s  f o r  t h i s ,  i n c l u d i n g :  
(1) S h i f t  of 40 KHz m u l t i v i b r a t o r  f requency beyond f i l t e r  
response .  
( 2 )  P o s s i b i l i t y  of  t r a n s m i t t e r  RF output  be ing  d e t e c t e d  and 
s u p p l i e d  a s  input  s i g n a l  i n  h i g h  impedance c i r c u i t s .  
( 3 )  Power supply impedance v a r i a t i o n  when o p e r a t i n g  from high-  
v o l t a g e  e x t e r n a l  source .  
( 4 )  Low v o l t a g e  e f f e c t s  a n d / o r  poor r e g u l a t i o n  on i n t e r n a l  
supply  due t o  p a r t i a l l y  d i s c h a r g e d  b a t t e r y .  
( c )  Res idua l  40 KHz O f f s e t .  Apprec iab le  and d i f f e r i n g  magnitudes 
of a r e s i d u a l  40 KHz AM s u b c a r r i e r  o u t p u t  e x i s t e d  d u r i n g  t h e  e v a l u a t i o n  
t e s t i n g  of pro to type  penet rometers .  T h i s  was more pronounced and v a r i a b l e  
i n  Pro to type  No. 3.  The p r i n c i p a l  e f f e c t  i s  a r e d u c t i o n  i n  s i g n a l  dynamic 
range i n  t h e  high s e n s i t i v i t y  r e g i o n  below t h e  compression p o i n t .  Conse- 
q u e n t l y ,  t h e  o f f s e t  c o n t r i b u t e d  g r e a t l y  t o  t h e  a p p a r e n t l y  poor a c c e l e r a t i o n  
time s i g n a t u r e  recorded i n  t h e  200 f t / s e c  r i g i d  impact t es t  of  P r o t o t y p e  
No. 3. Balance of t h e  s i g n a l  e l e c t r o n i c s  a m p l i f i e r  i s  i n i t i a l l y  set  f o r  
a maximum 5 m i l l i v o l t  o f f s e t ,  T h i s  was noted  t o  i n c r e a s e  t o  50 m i l l i v o l t s  
d u r i n g  impact q u a l i f i c a t i o n  of  t h e  P r o t o t y p e  No. 3 s i g n a l  e l e c t r o n i c s  
module ( 1 2  t o  15,000 g impacts) .  This  i n c r e a s e d  t o  150 m i l l i v o l t s  
d u r i n g  t h e  high-energy impact.  T h i s  problem may be r e l a t e d  t o  d e t e r i o r -  
a t i o n  i n  balance due t o  impact s e n s i t i v e  components. Various t e s t s  were 
conducted on the  disassembled s i g n a l  e l e c t r o n i c s  module. 
( d )  Accelerometer Trace "Hang-Up". The h igh-energy  (200 f p s )  impact 
The t race s lowly  f a l l s  
t e s t  d a t a  of  Pro to types  Nos. 2 and 3 showed a s i g n i f i c a n t  a p p a r e n t  "hang- 
up" of  t h e  a c c e l e r a t i o n  d a t a  fo l lowing  t h e  impact.  
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o f f  a t  an  u n r e a l i s t i c  r a t e ,  obscur ing  t a i l - o f f  p l a t e a u  d a t a  p r e s e n t l y  
cons idered  u s e f u l  i n  t h e  LEM sounding d e v i c e  a p p l i c a t i o n  f o r  i n d i c a t i n g  
b e a r i n g  s t r e n g t h .  A l i k e l y  cause i s  t h a t  of l a t c h - u p  i n  t h e  i n t e g r a t e d  
o p e r a t i o n a l  a m p l i f i e r s  and t h i s  i n v e s t i g a t i o n  i s  b r i e f l y  d i s c u s s e d  la te r .  
5.1.5 SIGNAL ELECTRONICS - ACCELEROMETER COMPATIBILITY TESTS 
During t h e  high-energy impact t e s t  of Pro to type  No. 3 ,  i t  appeared t h a t  
t h e  a c c e l e r a t i o n  ampli tude read-out  of  t h e  penetrometer  system was much 
lower t h a n  a n t i c i p a t e d .  One of t h e  p o s s i b l e  causes  f o r  t h i s  phenomenon 
was thought  t o  b e  a r e d u c t i o n  i n  t r a n s d u c e r  s e n s i t i v i t y  due t o  d e p o l a r i -  
z a t i o n  caused by t h e  s i g n a l  v o l t a g e  developed d u r i n g  impact.  
acce le rometer  i n s t r u m e n t a t i o n  techniques  and equipment u t i l i z e  charge  
a m p l i f i e r s ,  a c h a r a c t e r i s t i c  of which p r e v e n t s  s i g n a l  v o l t a g e  bui ld-up  
a c r o s s  t h e  t r a n s d u c e r .  S ince  a l l  t h e  Endevco o m n i d i r e c t i o n a l  a c c e l e r o -  
meters had been t e s t e d  and c a l i b r a t e d  w i t h  charge  a m p l i f i e r  i n s t r u m e n t a t i o n ,  
a t e s t  was conducted t o  v e r i f y  proper  t r a n s d u c e r  a c t i o n  w i t h  LPS s i g n a l  
e l e c t r o n i c s  which a l l o w s  t r a n s d u c e r  v o l t a g e  bui ld-up.  
Convent ional  
Two similar s i n g l e - a x i s  acce lerometers  were mounted on t h e  hand-swung 
hammer. The tes t  s e t u p  i s  shown i n  F i g u r e  5-10. A c o n v e n t i o n a l  charge 
a m p l i f i e r  was used as t h e  r e f e r e n c e  f o r  comparison measurements w i t h  t h e  
s i g n a l  e l e c t r o n i c s  f i r s t  s t a g e  output  ( v o l t a g e  g a i n  of u n i t y ) .  The 
necessary  c o r r e c t i o n s  were made f o r  t h e  d i f f e r e n t  charge  s e n s i t i v i t i e s  o f  
t h e  acce lerometers .  A number of  hammer t e s t s  e s t a b l i s h e d  t h a t  t h e r e  was 
no measurable l o s s  i n  acce lerometer  s e n s i t i v i t y  when used w i t h  t h e  s i g n a l  
e l e c t r o n i c s  a m p l i f i e r .  
A d d i t i o n a l  t e s t s  were made t o  v e r i f y  t h a t  t h e  a c c e l e r o m e t e r  ou tput  v o l t a g e  
e q u a l s  t h e  charge s e n s i t i v i t y  d i v i d e d  by t h e  c a p a c i t y ,  as shown i n  F i g u r e  
5-10. The t e s t  r e s u l t s  us ing  t h e  hammer d i d  c o n f i r m  t h a t  t h e  s e n s i t i v i t y  
w i t h  a t o t a l  c a p a c i t y  of  700 pf was 0.343 m i l l i v o l t s / g  (see F i g u r e  5-11) 
w h i l e  t h i s  s e n s i t i v i t y  was ha lved  by doubl ing  t h e  t o t a l  c a p a c i t y  ( s e e  
F i g u r e  5-12).  These breadboard tes ts  s e r v e d  t o  v e r i f y  s a t i s f a c t o r y  opera-  
t i o n  o f  t h e  s i g n a l  e l e c t r o n i c s  i n p u t  s t a g e  w h i l e  accommodating u n i - a x i a l  
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(b) ACCELEROMETER CALCULATIONS 
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FIGURE 5- IO . SIGNAL ELECTRONIC S-ACCELEROMETER COMPATIBILITY 
TEST SET-UP AND CALCULATIONS 





IMPACT T E S T  NO. 1 
UPPER TRACE: CHARGE A M P L I F I E R  
OUTPUT, 5000 g / D I V  
LOWER TRACE: PENETROMETER SIGNAL 
ELECTRONICS OUTPUT, 
2900 g / D I V  
8 
8 IMPACT T E S T  NO. 2 
UPPER TRACE: CHARGE A M P L I F I E R  
OUTPUT, 5000 g / D I V  
LOWER TRACE: PENETROMETER SIGNAL 
ELECTRONICS OUTPUT, 
2900 g / D I V  
IMPACT T E S T  NO. 3 
UPPER TRACE: CHARGE A M P L I F I E R  
LOWER TRACE: PENETROMETER SIGNAL 
ELECTRONICS OUTPUT, 
2900 g / D I V  













FIGURE 5- 11. SIGNAL ELECTRONICS, ACCELEROMETER CCMPATIBILITY T E S T  RESULTS FOR CTOTAL = 700 pf 
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IMPACT T E S T  NO. 4 
UPPER TRACE: CHARGE A M P L I F I E R  
OUTPUT, 5000 g / D I V  
LOWER TRACE: PENETROMETER SIGNAL 
ELECTRONICS OUTPUT, 
2900 g / D I V  
ELECTRONICS OUTPUT, 
2900 g / D I V  
FIGURE 5- 1 2 .  SIGNAL ELECTRONICS,  ACCELEROMETER COIIPATIB 
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2900 g / D I V  
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L T Y  T E S T S  FOR CTOTAL = 1400 pf 
5.1.6 AM DMODULATOR WAVEFORM SENSITIVITY TESTS 
AM 
DEMODULATOR 







* AUDIO OSCILLATOR 
w a s  used t o  conduct waveform s e n s i t i v i t y  t es t s .  Two t y p e s  of s i g n a l s  
were employed, an  unmodulated 40 KHz CW s i g n a l  and an  ampl i tude  modulated 
(AM) 40 KHz which i s  i d e n t i c a l  t o  penetrometer  waveforms used i n  t e s t i n g .  
By means of L i s s a j o u  p a t t e r n  checks ,  f r e q u e n c i e s  of  t h e  two s e p a r a t e  
s o u r c e s  were v e r i f i e d  t o  be e q u a l  ( i . e . ,  each f requency  w a s  a d j u s t a b l e ) .  
The AM demodulator was i n  i t s  normal c o n f i g u r a t i o n  as employed i n  prev ious  
pro to type  t e s t s ,  i .e . ,  BPF c e n t e r e d  a t  40 KHz w i t h  t h e  3 db bandpass l i m i t s  
a t  - +2.5 KHz and output  LPF c u t o f f  a t  2 KHz. 
The d a t a  i n  Table 5 .2  shows t h e  r e s u l t s  o b t a i n e d  f o r  t h r e e  b a s i c  i n p u t  
AM s u b c a r r i e r  f r e q u e n c i e s  w i t h  and wi thout  modula t ion ,  F i g u r e  5-13 
denotes  waveforms observed i n  t h e  40 KHz o p e r a t i n g  f requency  c a s e .  With 
t h e  CW unmodulated s i g n a l  as a r e f e r e n c e ,  o u t p u t s  a r e  observed t o  be 
reduced w i t h  modulation. Modulated o u t p u t s  were r e a d  as peak v a l u e s  from 
t h e  r e s i d u a l  zero  of  t h e  t r a c e  and n o t  t h e  a b s o l u t e  z e r o  r e f e r e n c e  shown 
a s  a s t r a i g h t  l i n e  on t h e  bottom t race ( 2  d i v i s i o n s  up from bottom r e f e r -  
ence l i n e ) .  This  cor responds  t o  prev ious  d a t a  r e a d o u t s  and f a c i l i t a t e s  
d a t a  c o r r e l a t i o n .  A s  was noted i n  prev ious  d i s c u s s i o n s ,  t h e  e x i s t e n c e  
of  a r e s i d u a l  zero  encroaches upon t h e  s i g n a l  dynamic range  and f u r t h e r  
enhances t h e  reduced o u t p u t  c h a r a c t e r i s t i c .  The bottom row of Table  5 .2  
denotes  t y p i c a l  LPS system performance under two v e r s i o n s  of  AM demodulator 
input  s i g n a l  sources .  It would appear  t h a t  u n l i k e  c a l i b r a t i o n  s i g n a l s  
a r e  l i k e l y  t o  c o n t r i b u t e  e r r o r s  ranging  from 1 2  t o  22.5' p e r c e n t  i n  o u t p u t  
v a r i a t i o n .  With o t h e r  anomalies  p r e s e n t ,  t h i s  may become worse.  
These o b s e r v a t i o n s  i n d i c a t e  d i f f e r e n c e s  i n  e l e c t r i c a l  and dynamic 
( p h y s i c a l )  c a l i b r a t i o n s  p r e v i o u s l y  noted and are p a r t l y  due t o  waveform 
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TABLE 5 . 2  
AM DEMODULATOR WAVEFORM SENSITIVITY TESTS 
4 . 4 8  
3 . 6 6  
3 . 6 1  
f o  ( K H 4  
4 1  
4 1  





40 .2  
2 .27  R e f .  
1.83 - 1 9 . 3  
1.81 - 18.9 
S i g n a l  I n p u t  
4 .65  
4 .08  
3 . 9 6  
4 . 4 1  
3 2 .d" 7 Q  
cw 
100 Hz AM 
500 Hz AM 
2 .32  R e f .  
2 .02  - 12 .2  
1 . 9 7  - 14 .5  
2 . 1 6  R e f .  
1-85, - 12 .5  
cw 
100 Hz AM 
500 Hz AM 
~ 
cw 
500 Hz AM 
cw 
P r o t o  3 
1 .97  
2 .OO 
1 .99 
2 . 0 1  
2 .02  
2 .02  
~ ~~ 
2 . 0 4  
1.79 
1 .96  
S i g n a l  Ou tpu t  I T (s) I Relative I 
f 
9; RCVR Cal de t e rmined  f rom 10 i n c r e m e n t a l  T(s )  Is. 
Y& B a l l  C a l  de t e rmined  f rom 1 6  i n c r e m e n t a l  T ( s ) ' s .  
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a .  UNMODULATED 40 KHZ TEST 
UPPER TRACE: I N P U T ,  40 KHZ, 
CENTER TRACE: OUTPUT ZERO REFERENCE 
LOWER TRACE: DEMODULATOR OUTPUT, 
0.5 V/DIV 
DC, 2 V / D I V  
b .  100 HZ HALF-SINE AM T E S T  
UPPER TRACE: INPUT,  100 HZ MODULATED 
LOWER TRACE : DEMODULATOR OUTPUT, 
40 KHZ, 0.5 V / D I V  
100 HZ HALF-SINE,  
2 VIDIV 
C .  500 HZ HALF-SINE AM T E S T  
UPPER TRACE: I N P U T ,  500 HZ 
MODULATED 40 KHZ, 
0.5 V / D I V  
LOWER TRACE : DEMODULATOR OUTPUT, 
500 HZ HALF-SINE,  
2 V/DIV 
FIGURE 5-13. TYPICAL TEST RESULTS FOR AM DEMODULATOR WAVEFORM S E N S I T I V I T Y  
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s e n s i t i v i t y  e x h i b i t e d  by t h e  demodulator. The nominal 2 : 1  and 1 . 5 : l  
d i f f e r e n c e s  noted i n  prev ious  penetrometer tests are n o t  accounted f o r  
wholly but  a s i g n i f i c a n t  c o n t r i b u t i o n  may be a t t r i b u t e d  (e .g . ,  1 . 3 : l )  t o  
waveform c h a r a c t e r i s t i c s .  
5 .1 .7  40 KHz MULTIVIBRATOR FREQUENCY STABILITY TESTS 
During t h e  e x t e n s i v e  t e s t i n g  of Prototype No. 3, it w a s  noted t h a t  t h e  
apparent  g a i n  of t h e  s i g n a l  e l e c t r o n i c s  module f o r  a g i v e n  c a l i b r a t i o n  
s i g n a l  w a s  g r e a t e r  when o p e r a t i n g  on i n t e r n a l  power r a t h e r  t h a n  on 
e x t e r n a l  power. One p o s s i b l e  cause f o r  t h i s  e f f e c t  would be an a p p r e c i a b l e  
s h i f t  i n  t h e  frequency of t h e  40 KHz m u l t i v i b r a t o r  (chopper d r i v e r )  a s  
t h e  supply  v o l t a g e s  v a r i e d .  This  would cause  a r e d u c t i o n  i n  t h e  40 KHz 
ampli tude o u t p u t  of  t h e  d a t a  r e l a y  AM d e t e c t o r  r e l a t e d  t o  t h e  bandwidth 
and s k i r t  a t t e n u a t i o n  of  t h e  var ious  40 KHz f i l t e r s  i n  t h e  o v e r a l l  pene- 
t r o m e t e r  system. 
Tests were conducted t o  de te rmine  t h e  frequency s t a b i l i t y  of t h e  40 KHz 
m u l t i v i b r a t o r  (chopper)  i n  t h e  s i g n a l  e l e c t r o n i c  module a s  a f u n c t i o n  of 
power supply  v o l t a g e .  The frequency o f  t h e  40 KHz m u l t i v i b r a t o r  i n  t h e  
breadboard s i g n a l  e l e c t r o n i c s  w a s  measured over  a wide range of  +17 v o l t  
and -6 v o l t  supply  v a r i a t i o n s .  The t e s t  r e s u l t s  are shown i n  F i g u r e  5-14. 
Maximum frequency s h i f t  does not  exceed 70 Hz f o r  a 4 - v o l t  e x c u r s i o n  i n  
e i t h e r  t h e  17-vol t  supply  o r  t h e  -6 v o l t  supply.  S i n c e  t h e  o v e r a l l  
system bandwidth f o r  t h e  40  KHz s u b c a r r i e r  exceeds 1 KHz, t h e  70 Hz s h i f t  
a t t r i b u t a b l e  t o  supply  v o l t a g e  v a r i a t i o n s  i s  n e g l i g i b l e  and does n o t  r e s u l t  
i n  ampl i tude  r e d u c t i o n  due t o  exceeding f i l t e r  bandwidth. 
These t es t  r e s u l t s ,  when a p p l i e d  t o  t h e  e l ec t r i ca l  vs .  dynamic ( p h y s i c a l )  
c a l i b r a t i o n  anomaly , e s s e n t i a l l y  remove t h e  c o n s i d e r a t i o n  of a vary ing  
AM s u b c a r r i e r  f requency as a p o s s i b l e  c o n t r i b u t o r .  
5.1.8 INTERNAL VS. EXTERNAL POWER PERFORMANCE TESTS 
P r o t o t y p e  No. 3 bench t e s t s  on t h e  p a r t i a l l y  disassembled model were 
conducted t o  e x p l o r e  t h e  s u b j e c t  performance c h a r a c t e r i s t i c s .  The 
penet rometer  was o p e r a t e d  on both e x t e r n a l  and i n t e r n a l  power and s i g n a l s  
were r e c e i v e d ,  d i s c r i m i n a t e d ,  and demodulated i n  a n  AM/FM e q u i v a l e n t  LPS 
r e c e i v i n g  channel .  
F i g u r e  5-15 a l s o  d e n o t e s  t h e  r e c e i v e r  d i s c r i m i n a t o r  (AM demodulator  i n p u t )  
and AM demodulator o u t p u t s  f o r  t h e s e  same c o n d i t i o n s  of  a p p l i e d  s i g n a l  
and power. The demodulator ou tput  w a s  observed t o  be l a r g e r  on i n t e r n a l  
power. I n v e s t i g a t i o n  i n t o  t h i s  showed t h a t  t h e  +17 v o l t  l i n e  w a s  normal 
on e x t e r n a l  power b u t  was low (15 - 1 6  v o l t s )  on i n t e r n a l .  
v o l t a g e  (+31.5 v o l t s ) '  a l s o  was low (- 20 v o l t s )  on i n t e r n a l  power. 
appeared a s  though r e g u l a t i o n  o f  t h e  +17 supply  w a s  l o s t  on i n t e r n a l  power. 
The h i g h  
It 
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A. SIGNAL ELECTRONICS OUTPUT WITH 100 MV 
CALIBRATION SIGNAL INPUT 
(1) WITH MTERNAL POWER SUPPLIED To PENETROMETER. 
(2) WITH PENETROMETER OPERATING ON INTERNAL POWER. 
B. AM DEMODULATOR WAVEFORMS WITH 220 MV 
CALIBRATION SIGNAL APPLIED TO PENETROMETER 
SIGNAL ELECTRONICS 
UPPER TRACE: AM DEMDDULATOR OUTPUT 
LOWER TRACE: AM DEMODUIATOR INPUT 
FIGURE 5-15. PERFORMANCE CHECKS OF PENETROMETER PROTOTYPE NO. 3 
OPERATING ON INTERNAL VS. EXTERNAL POWER 
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T h i s  i n c r e a s e s  t h e  supply impedance and reduces  t h e  supply  decoupl ing.  
Upon bypassing t h e  +17 v o l t  l i n e  wi th  a 1OOp f c a p a c i t o r ,  t h e  problem 
d i s a p p e a r e d ,  even when +17 v o l t  went as l o w ' a s  12 t o  13 v o l t s .  
a p p a r e n t l y  is  a s s o c i a t e d  wi th  t h e  t r a n s m i t t e r  s e c t i o n  and can be e l i m i n -  
a t e d  w i t h  b e t t e r  supply  decoupl ing.  Under c o n d i t i o n s  of  low b a t t e r y  power 
supply  v o l t a g e ,  which occurred  s e v e r a l  t imes d u r i n g  p r o t o t y p e  t e s t i n g ,  
v a r i a t i o n s  i n  i n t e r n a l  vs .  e x t e r n a l  performance c h a r a c t e r i s t i c s  evidenced 
are t r a c e a b l e .  However, p rev ious  system checks w i t h  a comple te ly  assembled 
penetrometer  d i d  not  e x h i b i t  any a p p r e c i a b l e  waveform d i s t o r t i o n  as 
evidenced i n  t h e  bench t e s t s .  D i f f e r e n c e s  i n  r e c e i v e r / d i s c r i m i n a t o r  
o u t p u t s  f o r  t h e  same a p p l i e d  input  were, o f  c o u r s e ,  noted and showed 
i n t e r n a l l y  powered d a t a  was 20 p e r c e n t  l a r g e r  i n  magnitude t h a n  e x t e r n a l l y  
powered r e s u l t s .  
The problem 
5.1.9 RESIDUAL 40 KHz OFFSET I N  PROTOTYPE NO. 3 
Proto type  Penetrometer No. 3 was f u r t h e r  d i sassembled  t o  de te rmine  t h e  
o f f s e t  problem. It was a l s o  noted t h a t  t h e r e  was low g a i n  through t h e  
s i g n a l  e l e c t r o n i c s  a f t e r  t h e  +17 v o l t  r e g u l a t o r  had been r e p a i r e d .  
low g a i n  was i n  t h e  second s t a g e  of t h e  s i g n a l  e l e c t r o n i c s .  Over 300 
m i l l i v o l t s  (rms) a t  t h e  c a l i b r a t e  t e s t  p o i n t  were r e q u i r e d  t o  r e a c h  
compression where normally compression should occur  a t  an  i n p u t  of 175 
m i l l i v o l t s  (rms). I n  f i n a l  p r o t o t y p e  assembly some epoxy had leaked 
through t o  t h e  c a s e  of t h e  PA702 f l a t - p a k  a m p l i f i e r  of  t h e  s i g n a l  elec- 
t r o n i c s  second s t a g e .  T h i s  bonded t h e  u n i t  t o  t h e  f i r s t  s t a g e  which i s  
l o c a t e d  d i r e c t l y  above. During d isassembly ,  t h e  t o p  of  702A f l a t - p a k  was 
l i f t e d  o f f ,  but t h e  u n i t  func t ioned  as b e f o r e  w i t h  h i g h  o f f s e t  and low 
g a i n .  This  f l a t - p a k  w a s  r e p l a c e d  but  l o w  g a i n  s t i l l  e x i s t e d .  However, 
t h e  o f f s e t  was c o n s i d e r a b l y  less t h a n  b e f o r e .  An au topsy  performed upon 
t h e  removed f l a t - p a k  d i d  not  d i s c l o s e  t h e  f a i l u r e  mechanism. 
The 
A f t e r  n o t i c i n g  e r r a t i c  and unusual  d r i f t s ,  a d e f e c t i v e  ground w i r e  
connected t o  t h e  s i g n a l  e l e c t r o n i c s  was found. Upon r e p a i r i n g  t h i s  
connec t ion ,  a l l  problems were c o r r e c t e d  and t h e  pene t rometer  appeared t o  
be f u n c t i o n i n g  normally i n  a l l  r e s p e c t s .  It i s  i m p o s s i b l e  t o  de te rmine  
how o r  when t h i s  broken o r  i n t e r m i t t e n t  ground l e a d  a f f e c t e d  p r e v i o u s  d a t a .  
However, t h e  turn-on t r a n s i e n t  t es t  w a s  r e p e a t e d  and compared t o  an  
e a r l i e r  t e s t ,  F i g u r e  5-16 g i v e s  t h e  r e s u l t s  which show t h a t  t h e  o f f s e t  
problem has  disappeared and o p e r a t i o n  a p p e a r s  t o  be normal,  
5.1.10 ACCELERATION TRACE HANG-UP 
The high-energy (200 f p s )  impact t e s t s  on b o t h  pene t rometer  P r o t o t y p e  
Nos. 2 and 3 e x h i b i t e d  a s i g n i f i c a n t  "hang-up" o r  o f f s e t  fo l lowing  t h e  
p r i n c i p a l  impact pulse .  A probable  c a u s e  f o r  t h e  observed e f f e c t  i s  t h a t  
of l a t c h - u p  i n  t h e  i n t e g r a t e d  o p e r a t i o n a l  a m p l i f i e r  employed i n  t h e  s i g n a l  
e l e c t r o n i c s .  Limited bench t e s t s  were made on a bread-board v e r s i o n  
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of  a p 702 a m p l i f i e r  s t a g e  and l a t c h - u p  w a s  caused w i t h  power supply  
i n t e r r u p t i o n s  on t h e  o r d e r  o f  a 0.5 second. P e r t u r b a t i o n s  of  t h i s  
d u r a t i o n  o r  o t h e r  anomalies were not  evidenced,  however, i n  any module 
t e s t i n g ,  e t c .  t o  d a t e .  On t h e  o t h e r  hand, a c t u a l  penetrometer  s i g n a l  
e l e c t r o n i c s  assembly l a y o u t  c o n f i g u r a t i o n  may be a c o n t r i b u t i n g  f a c t o r .  
This  was unable  t o  be checked because of  Pro to type  No. 3 disassembly .  
Improvements can  be executed (and a r e  d i s c u s s e d  i n  t h e  fo l lowing  para-  
g r a p h s )  which w i l l  involve  use of an improved v e r s i o n  of  t h e  o p e r a t i o n a l  
a m p l i f i e r  ( p709)  and r e v i s e d  layout  t e c h n i q u e s .  Completed assembl ies  
i n  penetrometer  c o n f i g u r a t i o n  w i l l  t h e n  be examined and t e s t e d  f o r  l a t c h -  
up v u l n e r a b i l i t y .  A s a t i s f a c t o r y  e x p l a n a t i o n  of  t h e  apparent  l a t c h - u p  
e f f e c t ,  consequent ly ,  demands a d d i t i o n a l  module and system t e s t  and 
e v a l u a t i o n .  
5 .2  PENETROMETER MODULE EVALUATION 
5 . 2 . 1  CRYSTAL-CONTROLLED OSCILLATOR MODULE 
F u r t h e r  impact t e s t s  were conducted on t h e  o s c i l l a t o r  d e s c r i b e d  i n  t h e  
LPS Tenth Monthly P r o g r e s s  Report .  This  o s c i l l a t o r  employs a JPL 
f u r n i s h e d  high-impact c r y s t a l .  P r i o r  t e s t s  i n d i c a t e d  e x c e l l e n t  f requency 
s t a b i l i t y  d u r i n g  impact .  During t h i s  r e p o r t i n g  p e r i o d ,  emphasis was 
p laced  on t h e  d e s i g n  and t e s t  of an FM modulat ion c i r c u i t  t o  be i n c o r -  
pora ted  i n t o  t h i s  o s c i l l a t o r .  The o s c i l l a t o r  was modif ied by p l a c i n g  a 
v a r i c a p  ( v o l t a g e  v a r i a b l e  c a p a c i t o r )  a c r o s s  t h e  c o l l e c t o r  t a n k  c i r c u i t .  
(See F i g u r e  5-17a). 
on t h e  o r d e r  of  2 KHz  maximum, and a h i g h  percentage  of  ampl i tude  
modulat ion,  
T h i s  r e s u l t e d  i n  low d e v i a t i o n  frequency modulat ion,  
During hammer impact t h e  apparent  f requency d e v i a t i o n  s h i f t e d  t o  less  t h a n  
+_1 K H z  whi le  t h e  ampli tude modulat ion remained c o n s t a n t .  It i s  f e l t  t h a t  
t h e  method of modulat ion was c o n t r i b u t i n g  t o  t h i s  u n d e s i r a b l e  apparent  
f requency d e v i a t i o n  s h i f t  d u r i n g  impact.  The o s c i l l a t o r  was f u r t h e r  
modif ied wi th  a v a r i c a p  placed i n  ser ies  w i t h  t h e  c r y s t a l .  
F i g u r e  5-17b). This  system allowed a g r e a t e r  f requency  d e v i a t i o n  
( 3 I Q I z ) ;  however, a l a r g e  percentage  of ampl i tude  modulat ion s t i l l  
e x i s t e d .  Up t o  t h i s  p o i n t  t h e  o u t p u t  s i g n a l  had been t a k e n  o f f  t h e  power 
supply  l e a d  which was common t o  both t h e  b a s i c  o s c i l l a t o r  and t h e  b i a s  
network f o r  t h e  v a r i c a p .  T h i s  supply was l i g h t l y  bypassed f o r  t h e  modu- 
l a t i o n  frequency a t  40 KHz.  F u r t h e r  m o d i f i c a t i o n s  were made w i t h  t h e  
c o l l e c t o r  tun ing  c a p a c i t o r  s p l i t  t o  a l l o w  a 50 ohm o u t p u t  t a p  t o  be 
brought o u t ,  
e f f e c t  of load change due t o  t h e  long i n s t r u m e n t a t i o n  c a b l e s .  Amplitude 
modulat ion was n e g l i g i b l e  a t  t h e  50  ohm o u t p u t  p o i n t .  
t e s t s  were conducted on t h i s  o s c i l l a t o r  w i t h  e s s e n t i a l l y  t h e  same r e s u l t s ;  
namely, t h e  reduct ion-  of  d e v i a t i o n  from + 4 KHz t o  2 KHz d u r i n g  impact .  
I n  a l l  c a s e s  t h i s  o s c i l l a t o r  gave i n d i c a t i o n  of  good frequency s t a b i l i t y  
(See 
This  p o i n t  was h e a v i l y  padded r e s i s t i v e l y  t o  minimize t h e  
F u r t h e r  hammer 
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d u r i n g  impact wi th  t h e  e x c e p t i o n  of s h o r t - d u r a t i o n ,  high-ampli tude s p i k e s .  
T h i s  i s  considered normal f o r  any c r y s t a l  when o p e r a t e d  i n  a high-impact 
e nv i r o nmen t . 
A f t e r  more than  f i f t y  hammer impact t es t s  conducted u s i n g  t h i s  c r y s t a l  
i n  d i f f e r e n t  o s c i l l a t o r s ,  t h e  c r y s t a l  became noisy .  During impact,  
many abnormal s h o r t - d u r a t i o n ,  high-ampli tude s p i k e s  were observed.  T h i s  
i n d i c a t e d  t h a t  something w i t h i n  t h e  c r y s t a l  housing had e i t h e r  s h i f t e d ,  
loosened ,  or become broken. The c r y s t a l  was removed from t h e  o s c i l l a t o r  
and w a s  shock- tes ted  independent of any o t h e r  c i r c u i t  e lements .  This  
w a s  done by i n j e c t i n g  a s i g n a l  i n t o  t h e  c r y s t a l  from a s i g n a l  g e n e r a t o r  
a t  t h e  s e r i e s  resonant  f requency and observ ing  t h e  c r y s t a l  o u t p u t  on an  
o s c i l l o s c o p e ,  When t h e  c r y s t a l  was l i g h t l y  tapped ,  a v a r i a t i o n  i n  ampli-  
t u d e  of  more t h a n  two t o  one was observed on t h e  scope. T h i s  confirmed 
t h a t  t h e  noisy element was d e f i n i t e l y  t h e  c r y s t a l .  F u r t h e r  work i n  t h i s  
a r e a  must await  r e c e i p t  of  f o u r  more i m p a c t - r e s i s t a n t  c r y s t a l s  now on 
o r d e r .  
S i g n i f i c a n t  r e s u l t s  to  d a t e  i n d i c a t e  t h a t  a c r y s t a l - c o n t r o l l e d  t r a n s -  
m i t t e r  w i t h  smal l  d e v i a t i o n  c a p a b i l i t y  should be modulated o r  d e v i a t e d  
i n  a s t a g e  fo l lowing  t h e  c r y s t a l .  High-impact c r y s t a l s  have been developed 
by Valpey-Fisher i n  t h e  ranges  from 19 MHz t o  33 MHz and are des igned  t o  
o p e r a t e  on  the  t h i r d  o r  f i f t h  over tone .  Overtone c r y s t a l s ,  being h i g h  
Q d e v i c e s ,  are more d i f f i c u l t  t o  " p u l l "  i n  f requency t h a n  fundamental  
t y p e s ,  A 40 MHz, f i f t h  o v e r t o n e  c r y s t a l  ( a s  used i n  t h e s e  t e s t s )  c a n  
o n l y  be pul led  p r a c t i c a l l y  about  5 2  KHz. M u l t i p l y i n g  t h e  40 MHz o s c i l -  
l a t o r  frequency t o  t h e  pene t rometer  o u t p u t  f requency  r e s u l t s  i n  a d e v i a -  
t i o n  of  +22 KHz which does  n o t  produce d e s i r e d  S / N  performance i n  t h e  
pene t rometer - re lay  communications l i n k .  Phase modulat ion i n  a s t a g e  
fo l lowing  t h e  c r y s t a l  o s c i l l a t o r  can more r e a d i l y  produce a h i g h e r  
d e v i a t i o n  and w i l l  be i n v e s t i g a t e d  fo l lowing  r e c e i p t  of t h e  new c r y s t a l s .  
1 1  1 1  
5.2.2 CALIBRATION SIGNAL INJECTION 
The c a l i b r a t i o n  s i g n a l  i s  i n j e c t e d  i n t o  t h e  s i g n a l  e l e c t r o n i c s  between 
t h e  f i r s t  and second s t a g e s  i n  t h e  p r e s e n t  p r o t o t y p e  d e s i g n .  T h i s  p o i n t  
of  c a l i b r a t i o n  i n j e c t i o n ,  t h e r e f o r e ,  does n o t  g i v e  a performance check 
of  t h e  f i r s t  s t a g e  a m p l i f i e r .  It is  d e s i r a b l e  t o  i n j e c t  a s imula ted  
acce lerometer  s i g n a l  f o r  c a l i b r a t i o n  purposes  a t  t h e  i n p u t  t o  t h e  s i g n a l  
e l e c t r o n i c s  so t h a t  bo th  q u a l i t a t i v e  and q u a n t i t a t i v e  measurements can be 
made. The input  s t a g e  of  t h e  s i g n a l  e l e c t r o n i c s  must p r e s e n t  a v e r y  h i g h  
r e s i s t a n c e  and low c a p a c i t a n c e  t o  t h e  a c c e l e r o m e t e r  so  t h a t  t h e  a c c e l e r o -  
meter 's  f u l l  s e n s i t i v i t y  and low frequency c h a r a c t e r i s t i c s  may be 
u t i l i z e d .  Input  r e s i s t a n c e s  of s e v e r a l  thousand megohms are r e q u i r e d .  
The problems o f  i n j e c t i n g  a c a l i b r a t i o n  s i g n a l  a t  t h e  i n p u t  a r e  a s s o c i a t e d  












F i g u r e  5-18a shows a schematic  o f  a p o r t i o n  of  t h e  s i g n a l  e l e c t r o n i c s  
input  s t a g e ,  
meter i n p u t  would i n t r o d u c e  another  permanent n o i s e  s o u r c e  a t  t h e  a m p l i f i e r  
i n p u t  due t o  t h e  r e q u i r e d  c a b l e  t o  t h e  u m b i l i c a l  plug and t h e  high 
impedance a t  t h i s  p o i n t .  
i s  t h e r e f o r e  i n  o r d e r .  
Any a t tempt  a t  applying a s i g n a l  d i r e c t l y  a t  t h e  a c c e l e r o -  
(See F igure  5-18b.) A more i n d i r e c t  approach 
F i g u r e  5-18c shows one approach where t h e  s imula ted  s i g n a l  i s  p laced  i n  
series w i t h  t h e  high-megohm r e s i s t o r ,  R37. 
g e n e r a t o r  impedance, t h e  e f f e c t i v e  t i m e  c o n s t a n t  a t  t h e  i n p u t  i s  composed 
of  R37  and t h e  e f f e c t i v e  c a p a c i t a n c e  of  t h e  acce lerometer .  
p roduct  i s  t y p i c a l l y  ( 2 0 0 0 ~ 1 0 ~ )  ( 4 0 0 ~ 1 0 ' ~ ~ )  = 0.8 second. 
r e a s o n a b l e  c a l i b r a t i o n  s i g n a l  frequency would be g r e a t l y  a t t e n u a t e d  by 
t h i s  e f f e c t i v e  low-pass f i l t e r .  
because of t h e  AC coupl ing  between s i g n a l  e l e c t r o n i c s  s t a g e s .  
Assuming low c a l i b r a t i o n  
This  RC 
Thus any 
AC c a l i b r a t i o n  s i g n a l s  a r e  r e q u i r e d  
F i g u r e  5-18d shows a n o t h e r  p o s s i b l e  approach whereby t h e  s i g n a l  g e n e r a t o r  
c a l i b r a t i o n  i s  i n j e c t e d  i n  series with t h e  acce lerometer .  T h i s  approach 
appears  f e a s i b l e ;  however, changes would be r e q u i r e d  i n  t h e  acce lerometer  
and i t s  mounting p r o v i s i o n s .  The acce lerometer  normally h a s  one s i d e  of  
t h e  c r y s t a l  t r a n s d u c e r  e lec t r ica l ly  connected t o  t h e  c a s e .  
d i r e c t l y  b o l t e d  t o  t h e  s t r u c t u r e .  
The c a s e  i s  
The f i r s t  method a p p e a r s  least d e s i r a b l e ;  t h e r e f o r e ,  t h e  second method 
T.,Q llLIU c pursued. T h i s  nethod a j ;  b e  - - - - A  U D C u  i f  two ungrounded coiiiiectivrls are 
brought  o u t  of  t h e  a c c e l e r o m e t e r  case i n s t e a d  of t h e  p r e s e n t  s i n g l e  
connec t ion .  D e l i v e r y  w a s  a r ranged  f o r  one acce lerometer  from Endevco 
minus t h e  u s u a l  c a s e  t o  f a c i l i t a t e  f u r t h e r  i n v e s t i g a t i o n  o f  t h e s e  p o t e n t i a l  
mod i f  i c  a t  ions .  
5 .2 .3  SHOCK QUALIFICATION OF EPOXY-ENCAPSULATED DIODES. 
The s i l i c o n  d i o d e s  p r e s e n t l y  used i n  b o t h  t h e  s i g n a l  e l e c t r o n i c s  and t h e  
t i m e r / r e g u l a t o r  dies are of the convent iona l  g l a s s  DO-7 c o n f i g u r a t i o n .  
P a s t  impact tes ts  w i t h  t h e s e  u n i t s  have r e s u l t e d  i n  g l a s s  c r a c k s  and 
breakage  due t o  stresses b u i l t  up  i n  t h e  u n i t  d u r i n g  assembly, s o l d e r i n g ,  
o r  p o t t i n g  o p e r a t i o n s .  A f i x  f o r  t h i s  d i f f i c u l t y  h a s  been t h e  use  of 
s h r i n k - f i t  t u b i n g  o v e r  t h e  d i o d e  package. 
o p e r a t i o n  w i t h  q u e s t i o n a b l e  merit. Recent ly ,  epoxy-encapsulated d i o d e s  
have become a v a i l a b l e  which meet or exceed t h e  e l e c t r i c a l  s p e c i f i c a t i o n s  
o f  t h e  p r e s e n t l y  used d i o d e s  but  a re  p h y s i c a l l y  s m a l l e r ,  more rugged,  
and c o n s i d e r a b l y  less expensive.  The epoxy-pac d i o d e ,  Type FDM 6000, h a s  
been t e s t e d  and i s  recommended f o r  replacement  of a l l  c o n v e n t i o n a l  d i o d e s  
now i n  use i n  t h e  penetrometer .  
This  i s  a time-consuming 
E i g h t  FDM 6000 d i o d e s  were subjec ted  t o  hammer tes ts  t o  de te rmine  t h e i r  
q u a l i f i c a t i o n s  f o r  high-shock penetrometer  usage. The r e f e r e n c e  acce lerometer  
5-31 
INPUT 
(a) PORTION OF PRESENT INPUT STAGE 
pc q = M.3  
g 
c = 400 p f  
R = 2 x l o lo  , M I N  
(b) ACCELEROMETER EQUIVALENT CIRCUIT 
Q1 ACCEL 
r - - 4  
I R 3  7 5 




2000 MEG ,A, 










(c) CALIBRATION APPROACH NO. 1 




(d) CALIBRATION APPROACH NO, 2 
F03969 U 
FIGURE 5 - 18. S IGNAL ELECTRON I C s  INPUT CALIBRAT ION CIRCUITS 
5-32 
1 
i n d i c a t e d  peak a c c e l e r a t i o n  l eve l s  from 5,000 t o  10,000 g d u r i n g  twelve 
hammer t e s t s .  A number of  t h e  diodes were forward b i a s e d  and t h e  forward 
v o l t a g e  d r o p  was monitored during'  t h e  shock. 
c h a r a c t e r i s t i c s  of  a l l  t h e  d i o d e s  were checked and recorded b e f o r e  and 
a f t e r  t h e  hammer t e s t s .  
t e s t e d  i n  e i t h e r  t h e i r  forward conduct ion o r  t h e i r  r e v e r s e  breakdown 
c h a r a c t e r i s t i c s .  
t h e  hammer t e s t s .  
The forward and r e v e r s e  
The r e s u l t s  showed no change i n  any of  t h e  d i o d e s  
A l l  d iodes  funct ioned normally both d u r i n g  and fo l lowing  
5 . 2 . 4  SHOCK INVESTIGATION OF METAL-FILM RESISTORS 
The p r e s e n t  p r o t o t y p e  penetrometer  modules d e s i g n  uses  both  c o n v e n t i o n a l  
carbon composi t ion r e s i s t o r s  and low-noise m e t a l - f i l m  m i c r o r e s i s t o r s  manu- 
f a c t u r e d  by Bourns. The Bourns u n i t s ,  a l though a c c e p t a b l e  once t h e y  are 
assembled and p o t t e d ,  a r e  q u i t e  f r a g i l e  due t o  t h e i r  t i n y  s i z e  and f i n e  
l e a d s .  They are a l s o  comparat ively expensive.  These shortcomings of  
t h e  Bourns u n i t  prompted t h e  i n v e s t i g a t i o n  o f  t h e  more convent iona l  
m e t a l - f i l m  r e s i s t o r s .  
Meta l - f i lm r e s i s t o r s  have been shock-qual i f ied  by o t h e r  companies i n  t h e  
p a s t .  T h e r e f o r e ,  t h e  o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  was d i r e c t e d  
p r i m a r i l y  a t  s e l e c t i n g  a s u i t a b l e  type  t o  be s tocked f o r  use i n  t h e  
penetrometer  program. The m i n i a t u r e  u n i t s  similar t o  t h e  I R C  Type MMC 
a r e  somewhat less expensive t h a n  t h e  Bourns u n i t s  when a l a r g e  number 
o f  d i f f e r e n t  v a l u e s  are needed. 
A number of  m i n i a t u r e  m e t a l - f i l m  r e s i s t o r s ,  I R C  Type MMC, were r e c e i v e d  
and s h o c k - i n v e s t i g a t e d  a long  w i t h  convent iona l  carbon composi t ion 1/4-wat t  
u n i t s .  
shock (10,000 g )  w h i l e  t h e  meta l - f i lm u n i t s  were r e l a t i v e l y  n o i s e - f r e e .  
It w a s  a l s o  noted t h a t  some of t h e  carbon composi t ion r e s i s t o r s ,  a f t e r  a 
number o f  hammer t e s t s ,  e x h i b i t e d  a permanent change i n  r e s i s t a n c e .  I n  
one i n s t a n c e  t h e  permanent r e s i s t a n c e  change was g r e a t e r  t h a n  112 p e r c e n t .  
No changes were noted  i n  t h e  meta l - f i lm u n i t s .  
It w a s  v e r i f i e d  t h a t  t h e  carbon u n i t s  were n o i s y  dur ing  h i g h  
5.2.5 SUBSTITUTION OF MOS FET'S WITH JUNCTION FET'S 
The p r e s e n t  s i g n a l  e l e c t r o n i c s  des ign  uses  d u a l  P-channel MOS FET's 
(metal oxide  s i l i c o n  f i e l d - e f f e c t  t r a n s i s t o r s )  i n  b o t h  t h e  f i r s t  and 
second s t a g e s .  S i n c e  t h e  MOS FET i s  s u s c e p t i b l e  t o  damage by s t a t i c  
c h a r g e s  and t h e r e f o r e  e a s i l y  damaged o r  des t royed  i n  assembly, i t  i s  
a d v i s a b l e  t o  r e p l a c e  it w i t h  j u n c t i o n  FET's whenever p o s s i b l e .  The MOS- 
FET was used i n  t h e  f i r s t  s t a g e  for  i t s  low g a t e - d r a i n  c a p a c i t a n c e  and 
low leakage .  However, t h e s e  c h a r a c t e r i s t i c s  are n o t  so important  i n  t h e  
second s t a g e ,  and it  was examined f i r s t  f o r  p o s s i b l e  change. 
5-33 
1 
U n t i l  r e c e n t l y ,  d u a l  P-channel j u n c t i o n  FET's were expensive and d i f f i c u l t  
t o  make. T h i s  d i c t a t e d ,  t o  a c e r t a i n  e x t e n t ,  t h e  use o f  t h e  c i r c u i t  
shown i n  F igure  5-19a. A d u a l  N-channel t y p e  could have been used 
except  f o r  t h e  fact  t h a t  t h e  only  a v a i l a b l e  i n t e g r a t e d  d i f f e r e n t i a l  ampli-  
f i e r  a v a i l a b l e  was t h e  F a i r c h i l d  kA702. 
r e s t r i c t i o n  of +1.5 v o l t s  maximum. 
a m p l i f i e r  which i s  an  improved, ungrounded v e r s i o n  of  t h e  pA70L and can  
handle  +_lo v o l t  i n p u t s .  This  makes it  u s e f u l  i n  t h e  s i g n a l  e l e c t r o n i c s  
i n  t h a t  d u a l  j u n c t i o n  N-channel u n i t s  ( e a s i l y  o b t a i n a b l e  and r e l a t i v e l y  
inexpens ive)  a s  source  f o l l o w e r s  may now be u t i l i z e d .  The schematic  o f  
a proposed new second s t a g e  i s  shown i n  F igure  5-19b. This  u n i t  f u n c t i o n s  
i n  much t h e  same way as i t s  predecessor  i n  provid ing  t h e  n e c e s s a r y  g a i n  
and frequency c h a r a c t e r i s t i c s ,  The performance of  t h i s  new s t a g e  w i t h  
regard  t o  these  two parameters  i s  shown i n  F igure  5-20. 
T h i s  u n i t  h a s  an i n p u t  l e v e l  
Recent ly  F a i r c h i l d  r e l e a s e d  t h e  pi709 
A d d i t i o n a l  t e s t s  were conducted on t h i s  new second s t a g e .  The u n i t  was 
placed i n t o  an oven and t h e  r e s i d u a l  o u t p u t  caused by unbalance ( o f f s e t )  
was measured f o r  v a r i o u s  tempera tures .  The source- fo l lower  s o u r c e  
r e s i s t o r s  were changed t o  o b t a i n  optimum d u a l  f i e l d - e f f e c t  matching 
c o n d i t i o n s .  The r e s u l t i n g  o f f s e t  magnitude and thermal  s t a b i l i t y  i s  
e q u i v a l e n t  t o  t h a t  o b t a i n e d  w i t h  t h e  d u a l  MOS-FET and pA702 a m p l i f i e r  
i n  t h e  present  s i g n a l  e l e c t r o n i c s  second s t a g e .  (See F i g u r e  5-21,)  
This  concludes t h e  e l e c t r i c a l  t e s t s  on t h i s  second s t a g e  w i t h  recommen- 
d a t i o n  t h a t  it be i n c o r p o r a t e d  i n t o  f u t u r e  p e n e t r o m e t e r s ,  provided t h e  
u n i t  q u a l i  f i e s  s u c c e s s f u l l y  under h i g h  shock c o n d i t i o n s .  
5 .2 .6  HIGH-MEGOHM METAL FILM RESISTOR SEARCH 
The p r e s e n t  s i g n a l  e l e c t r o n i c s  uses  a 2000-megohm r e s i s t o r  t o  se t  t h e  
i n p u t  t i m e  c o n s t a n t .  This  r e s i s t o r  i s  a composi t ion t y p e  which could  be 
a source  of no ise  and h a s  q u e s t i o n a b l e  long-term s t a b i l i t y .  A s e a r c h  
was made f o r  a s u i t a b l e  meta l  f i l m  replacement .  A p o t e n t i a l  replacement  
was found t o  b e  a v a i l a b l e  from Pyrof i lm R e s i s t o r  Company, I n c .  A 
number of  t h e s e  u n i t s  i n  1000, 2000, 3000, and 5000 megohm v a l u e s  have 
been ordered .  
inch  i n  diameter  by 9 / 1 6  inch  long. 
These u n i t s  have not  y e t  been r e c e i v e d .  They are 0.11 
5.2.7 ESTABLISHMENT OF AMERICAN BATTERY SOURCE 
An e f f o r t  is  i n  p r o g r e s s  t o  e s t a b l i s h  a n  American s o u r c e  f o r  t h e  
penetrometer  b a t t e r y .  
Epic B-80 but ton  c e l l s .  T h i s  i s  a high-performance,  r e c h a r g e a b l e ,  
s i l v e r - z i n c  but ton  c e l l .  No a v a i l a b l e  replacement  h a s  been found. 
T h e r e f o r e ,  p roposa ls  a r e  being s o l i c i t e d  from e s t a b l i s h e d  American 
b a t t e r y  vendors t o  quote  on t h e  development of  a s u i t a b l e  b a t t e r y  a n d l o r  
c e l l  t a i l o r e d  t o  t h e  pene t rometer  r e q u i r e m e n t s .  
This  b a t t e r y  i s  p r e s e n t l y  f a b r i c a t e d  u s i n g  
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F I G U R E  5-21. VOLTAGE OFFSET VERSUS TEMPERATURE FOR THE 
PROPOSED NEW SIGNAL ELECTRONICS SECOND STAGE 
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Two PIR's  were i s s u e d  (No. 194764 and No. 194765) t o  twelve b a t t e r y  
vendors r e q u e s t i n g  p r i c e  q u o t e s  f o r  e i t h e r  a complete penetrometer  
b a t t e r y  o r  i n d i v i d u a l  b u t t o n  c e l l s  from which a b a t t e r y  could be 
assembled. The responses  from each company t o  d a t e  a r e  l i s t e d  i n  t h e  
fo l lowing  summary: 
Company S o l i c i t e d  
1. Mallory B a t t e r y  Co. 
2. Gulton I n d u s t r i e s  
Metuchen, N. J. 
3 .  Union Carbide 
Palmer, Ohio 
4 .  Union Carbide 
Bennington, V a .  
5 .  Sonotone 
Elmsford,  N.  Y. 
6 .  Yardney E l e c t r i c  Corp. 
7. E l e c t r i c  S torage  B a t t e r y  
Co. , Raleigh,  N. C. 
8 .  Ray-0-Vac 
Mad i s o n  , Wisconsin 
Comments 
Apparent ly  m i s d i r e c t e d  PIR. Second copy 
of RFQ mailed 5 / 1 2 / 6 6  t o  M r .  F. Cruze. 
Answer pending, Recent phone c o n v e r s a t i o n  
i n d i c a t e s  w i l l i n g n e s s  t o  deve lop  s i n g l e  
s i l v e r - z i n c  b u t t o n  ce l l s .  
No r e p l y .  
RFQ r e f e r r e d  t o  N. Y. o f f i c e , a n d  M r .  
K l o p f e n s t e i n .  Previous  w i l l i n g n e s s  t o  
deve lop  r e c h a r g e a b l e  b u t t o n  c e l l  a p p a r e n t l y  
o v e r r u l e d  by company p o l i c y .  
t o  supply  b a t t e r y  developed f o r  P i c a t i n n y  
Arsena l  (30,OOOg) nonrechargeable .  A l so  
r e q u i r e  l a r g e r  volume t h a n  a v a i l a b l e .  
Requires  repackaging i n  penetrometer .  
Quote for thcoming.  
Seem w i l l i n g  
No b id .  N. Y. o f f i c e  d i r e c t i n g  PIR 
response ,  
No b id .  Unable t o  meet requi rements .  
No b i d .  Do not  manufacture  s i l v e r - z i n c  
b u t t o n  c e l l s  and are  u n w i l l i n g  t o  do so ,  
R e t a i n  on b i d d e r ' s  l i s t  f o r  s i l v e r - c a d . ,  
s i lver-chlor ide-magnesium. 
No b id .  Do n o t  manufacture  t h i s  t y p e  of  
c e l l .  Apparent ly  u n w i l l i n g  t o  under take  
b u t t o n  c e l l  development and b e l i e v e  f l a t -  
p l a t e  c e l l  cannot  f i t  i n  volume a l l o c a t e d .  
N o  bid.  
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9 .  Burgess B a t t e r y  Co. 
F r e e p o r t ,  Ill. 
10. ESB Research Center  
Yardley,  Pa. 
11. Eagle  P i c h e r  
J o p l i n ,  Mo. 
12 .  G. E. Co. 
G a i n e s v i l l e ,  F l a .  
No bid. 
No bid because of c u r r e n t  work load .  
M r .  Lucas c a l l e d .  Requested e x t e n s i o n .  
Extension g r a n t e d  5/13. 
M r .  W. H. Roberts  c o n t a c t e d .  No b i d  on 
s i l v e r -  z inc.  I n i t i a l  w i l l  ingnes s by 
D r .  Carson i n  New York t o  deve lop  s i l v e r -  
z inc a p p a r e n t l y  o v e r r u l e d  by G. E. manage- 
ment. S t o r y  now i s  a b s o l u t e l y  no s i l v e r -  
z inc development. M r .  Rober t s  w i l l  propose 
ni-cad w i t h i n  6 weeks. 
It i s  very  e v i d e n t  from t h e s e  responses  t h a t  none of t h e  companies 
c o n t a c t e d  a r e  w i l l i n g  t o  undergo a b a t t e r y  development program s p e c i -  
f i c a l l y  d i r e c t e d  towards penetrometer  needs.  Due t o  p r e s e n t  penetrometer  
d e s i g n  based upon t h e  high-energy d e n s i t y  of s i l v e r - z i n c  c e l l s ,  use  of any 
lower d e n s i t y  c e l l  such as n i -cad  would r e s u l t  i n  i n c r e a s e d  b a t t e r y  volume 
requi rements .  The only  c e l l  remotely c a p a b l e  o f  being used i s  t h e  Union 
Carbide primary c e l l .  Even a c c e p t i n g  t h i s  c e l l  wi th  somewhat l i m i t e d  
o p e r a t i o n a l  l i f e  r e s t r i c t i o n s  placed upon penet rometers ,  t h e  use of  such 
c e l l s  would r e q u i r e  r e l o c a t i o n  o f  t h e  t i m e r - r e g u l a t o r  board and t e r m i n a l  
b lock  due t o  i n c r e a s e d  volume requi rements .  
Because of t h e  r a t h e r  n e g a t i v e  response t o  a s p e c i f i c  pene t rometer  b a t t e r y  
development,  coupled w i t h  t h e  u n d e s i r a b i l i t y  of u s i n g  t h e  Hungarian 
Epic  B-80 c e l l ,  o t h e r  power supply c o n f i g u r a t i o n s  should  be i n v e s t i g a t e d .  
One c o n f i g u r a t i o n  i n  p a r t i c u l a r  has been used wi th  s u c c e s s  by Sandia  
C o r p o r a t i o n  i n  t h e i r  pene t rometer  development. T h i s  d e v i c e  u t i l i z e s  a few 
l a r g e - c a p a c i t y ,  ni-cad c e l l s  and a dc-dc c o n v e r t e r .  The l a r g e  ce l l s  a r e  
c a p a b l e  o f  more e f f i c i e n t  energy  t r a n s f e r  a t  h i g h  d i s c h a r g e  c u r r e n t  r a t e s  
t h a n  smal l  MAH c a p a c i t y  c e l l s .  The main problems a s s o c i a t e d  w i t h  such a 
supply  involve  v o l t a g e  s t a b i l i t y  of t h e  l a r g e r  cel ls  a t  impact and s t ress  
e f f e c t s  on t h e  s a t u r a b l e  c o r e  used i n  t h e  t r a n s f o r m e r ,  
T h i s  approach should be i n v e s t i g a t e d  because i t  may a l l o w  use  of "of f - the-  
s h e l f "  ni-cad o r  s i l v e r - c a d  but ton  ce l l s .  
5.3 CRITICAL LONG-LEAD-TIME PARTS PROCUREMENT 
A d e t e r m i n a t i o n  was made of which p a r t s  now used i n  t h e  pene t rometers  
r e q u i r e  a long procurement l e a d  t i m e .  P a r t s  f a l l i n g  i n t o  t h i s  c a t e g o r y  
were t h e n  o r d e r e d ,  assuming an impending bui ld-up o f  f i v e  p r o t o t y p e  
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penetrometer  assembl ies .  Other  items were ordered  i n  suppor t  of t h e  
i n v e s t i g a t i o n  i n t o  t h e  improvements t o  t h e  penetrometer  system. The 
fo l lowing  components from t h e  above c a t e g o r i e s  were o r d e r e d .  
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  





1 3 .  
Item and Q u a n t i t y  
High-impact c r y s t a l s  from Valpey-Fisher ( 4 )  
B-80 b a t t e r y  ce l l s  from E p i c ,  I n c .  ( 3 0 0 )  
Glass  c o i l s  from LRC ( 2 5 )  
High-res i s tance  meta l - f i lm r e s i s t o r s  from 
Pyrof i lm ( 6  each o f  4 v a l u e s )  
T r a n s i s t o r  2N3866 ( 5 0 )  
Dual FET 2N3956 ( 4 )  
Capaci tors ,  VY S e r i e s  ( 3 5 0  v a r i o u s  v a l u e s )  
Tantalum c a p a c i t o r s  ( 7 5 , 2  v a l u e s )  
RF connectors  ( 2 5  p a i r s )  
Trimmer c a p a c i t o r s  from Johanson 
( 1 7 5  v a r i o u s  v a l u e s )  
Temp-compensating c a p a c i t o r s  ( 2 5 )  
Epoxy diodes t y p e  FDM 6000 (100) 
I n t e g r a t e d  d i f f e r e n t i a l  a m p l i f i e r s  from 
F a i r c h i l d  t y p e  pA709 ( 6 )  
D e l i v e r y  
Scheduled 6 / 2  7 / 6 6  
P a r t i a l  shipment 4 / 2 7 / 6 6  
Complete 5 / 2 8 / 6 6  
Scheduled 5 / 2 7 / 6 6  
Scheduled 5 1 4 / 6 6  
Received complete 4 / 1 4 / 6 6  
Received complete  4 / 2 1 / 6 6  
Scheduled 6 / 7 / 6 6  
Received complete  4 / 2 5 / 6 6  
Scheduled 5 / 2 7 / 6 6  
P a r t i a l  5 1 6 / 6 5  
Complete 5 / 2 7 / 6 6  
Scheduled 5 117166 
Received complete  4 / 1 8 / 6 6  
Received complete  5 / 2 / 6 6  
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